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“Here, in one compound you have a compleh 
_ balanced and homogeneous blend of the fine 


cleansing agents that modern science has j 
produced. 


ECONOMICAL TOO. .. Costs less than! 


cents per gallon of active cleanser. 4 
CLEANS THOROUGHLY and 


laboratory glassware, surgical instrumeé 
porcelain, plastic, rubber and metal equipmen 


RECOGNIZED AND ACCEPTED for ov 
fifteen years by leading laboratories, hospiltl 
clinics and industry. i 


AVAILABLE IN 
CARTON of 12 boxes of 3 |b 


(Slightly Higher on the Pacific Coast) 


If your dealer cannot supply you, 
write for literature and samples. ~ 
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...in A. H. T. Co. Warehouse 


for immediate shipment 


Arthur H. Thomas Company was the first to introduce “Pyrex 


” brand 


Laboratory Glassware. This was in October, 1915, and, since that 
date, we have continued as the leading distributor of this ware. 


Practically all of the more than 2000 sizes and 
shapes listed in the current 190-pp Corning cata- 
logue and supplements under the brands, ‘‘Pyrex,” 
"Vycor’” and “Corning”’ are established by us as 
regular catalogue and stock items and constitute 
the widest assortment available from any distributor. 


In the Spring of 1915, the usual European sources were 
tut off by World War I and U. S. scientists were faced 
with a critical shortage of laboratory glassware. Fortu- 
mately, Corning Glass Works had developed a “Pyrex” 
glass for other purposes and, after witnessing in their 


research laboratories a series of definitive tests of the’ 


physical characteristics of this glass with reference to its 
suitability for laboratory use, we placed a stock order 
for 150,000 pieces. Upon this order the selection of 
shapes and quantities for the first factory production 
was based, and the ware delivered to us against it in 
October, 1915, was the first available for sale. 


Because of this initial stock order, Corning Glass Works 
permitted us to make the first announcement of ‘‘Pyrex” 
Laboratory Glassware, which appeared in the Journal of 
Industrial and Engineering Chemistry, October, 1915. In 
this advertisement, we made the prophetic statement: 

“Our expectation is that, in practical laboratory use, Pyrex 

flasks and beakers will prove distinctly superior to anything 

heretofore offered, either at home or abroad.” 


ARTHUR H. THOMAS COMPANY 


WEST WASHINGTON SQUARE 


PHILADELPHIA 5, PA. 


Teletype Services: Western Union WUX & Bell System PH-72 
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NOW available for general use— 


A MANUAL FOR THE 
ORGANIC CHEMISTRY LABORATORY 


By LEIGH C. ANDERSON, Professor of Chemistry; and the late WERNER 
E. BACHMANN, formerly Moses Gomberg Professor of Chemistry, both at the 
University of Michigan 


Here is a remarkable laboratory manual—the work of two 
well-known chemical scholars—designed to acquaint the be- 
ginning student with the — experimental procedures 
necessary to a full understanding of basic organic chemistry. 
The outgrowth of more than twenty years of pre-testing in 
undergraduate university classrooms, the manual has been 
checked, used, and carefully re-checked—in laboratory appli- 
cation. Now generally available for the first time, it provides 
the theory and the experimental data needed to perform more than 
60 demonstrations with aliphatic and aromatic compounds. 


Each experiment included in A MANUAL FOR THE 
ORGANIC CHEMISTRY LABORATORY contains equations, 
directions, and discussions of the principles involved. General 
laboratory procedures are outlined with reasons and precau- 
tions where necessary, so that the student will understand ex- 
actly what is being done. The manual is flexible—it can be 
used with any text. 


The authors’ experiments illustrate the preparation of the 
important types of organic compounds and the application of 
the more important reactions. For many types of reactions, 
alternative preparations are given. 


The completion of fifty of the experiments contained in this 
manual lead, in the authors’ opinion, to credit for a year’s 
course (two semesters) in organic chemistry. Non-chemistry 
majors and pre-medical students need complete only 25 experi- 
ments for a one semester course credit. 


1953. In press 


Look for: ORGANIC SYNTHESES, Volume 33 


TWENTY YEARS IN THE TESTING... 


CONTENTS:  fntroduction, 
Chemical Literature. Apparatus 
Used in Organic Chemistry, 


Boiling Points and Specific Gravi- 
ties of Organic Liquids. Strength 
of Desk Reagents. Atomic 
Weights. Precautions and Gen- 
eral Directions. Experiments: 
Qualitative Tests for Elements, 
Melting Points. Purification of a 
Solid. Fractional Distillation. 
Absolute Alcohol. Alkenes. 
n-Butyl Bromide. Acetaldehyde 
Ammonia. Reactions of Alde- 
hydes and Ketones. Ketoximes. 
Iodoform. Acetyl Chloride. Ace- 
tix Anhydride. Esters. Aceta- 
mide. Methylamine Hydrochlo- 
ride. ert,-Amyl Alcohol. Ma- 
lonic Ester. x-Butylmalonic Es- 
ter. n-Caproic Acid. n-Butyl- 
acetoacetic Ester. Heptanone. 
Soap. Glycine. Aminophenyl- 
acetic Acid. d-Phenylglucosa- 
zone. Cellulose Acetate.  Iso- 
bornyl Acetate. Camphor. Bro- 
mobenzene and _ p-Dibromoben- 


zene. Nitrobenzene. m-Dinitro- 
benzene. Aniline. Acetanilide. 
Acetyl-p-Toluidine. p-Nitroani- 


line. Azoxybenzene. Hydrazoben- 
zene. Azobenzene. Benzidine Sul- 
fate. Benzophenone. Methyl 
Tolyl Ketone. Triphenylcarbinol. 
Triphenylchloromethane. Tri- 
henylmethylperoxide. Chloro- 
Benzonitrile. Benzoic 
Acid. p-Toluic Acid. Methyl 
Orange. Orange II. Sulfanilic 
Acid. p-Dimethylaminoaniline 
Hydrochloride and  Sulfanilic 
Acid. Phenylhydrazine Hydro- 
chloride. o- and p-Nitrophenol. 
Quinone. Benzyl Alcohol and 
Benzoic Acid. Salicylaldehyde. 
Cinnamic Acid. Coumarin. As- 
pirin. Sulfanilamide. Anthraqut- 
none. Malachite Green. Eosia. 
Quinoline. Dyeing. Index. In 
Case of Accident. 


Editor-in-Chief: Charles C. Price, Professor of Chemistry and Head of the Department, University of Notre Dame. 


For news of other current Wiley Books see page 61. 


1953. 


115 pages. $3.50. 


Send now for on-approval copies 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N. Y. 
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At left above: rectified ripple before filtering; 
right: output ripple, full load—voltage never 
falls below decomposition potential. 


. 


= 


Use of hollow electrode permits control of 
gas and liberation at bottom of electrode, 


giving any rate of agitation desired. 


it 


New Patented Design Employs Exclusive Anode Principle 


Based on the original design principle of Mr. Robert W. Notvest, chief 
chemist, National Bearing Division, American Brake Shoe Company, 
this instrument employs an anode unit which is a combination current 
and gas conducting (CO, or other inert gases) electrode. Agitation is 
accomplished by causing gas flow to be directed through anode, where 
the bubbles emerge from the bottom of the eletrode and pass upward 
over the convex lower surface. This imparts a whirling motion to the 
gas bubbles and exerts a scouring action upon electrode surface, remov- 
ing oxidizing gases. Eliminates spongy deposits; lowers internal resist- 
ance of cell system, and minimizes over-voltage effects. 


Variable Transformer Control in Primary Circuit 


Makes use of a variable transformer control in the primary circuit, 
giving a smoother control of current delivered through electrodes than 
a resistor. There is no power loss due to heat dissipation. Output from 
full-wave, bridge-type selenium rectifier is pessed through inductance 
capacitance filter with inductance input. This filter, employing 4000 
microfarads of capacitance and 1/100 henry of inductance, is designed 
to reduce ripple voltage to 1.20%, or .o60 V. By filtering output of 
selenium rectifier, ripple voltage is reduced, so that instantaneous elec- 
trode voltage never falls below decomposition potential, and time of 
electrolysis is shortened. The Notvest Electro-Analyzer contains a com- 
plete power supply, control system, and filter for each of stations employed 
in unit. Designed so that several units may be easily hooked together 
electrically in parallel, employing a single connection to the power outlet. 
The gas flow may be arranged by means of a manifold. 


Complete information will be supplied on request. 


aloe scientific DIVISION OF A. S. ALOE COMPANY e 5655 Kingsbury, St. Louis 72, Mo. 


Los Angeles 15 
1150 S. Flower St. 


Kansas City 2 
4128 Broadway 


San Francisco 5 
500 Howard St. 


New Orleans 12 
1425 Tulane Ave. 


Seattle 1 
1920 Terry Ave. 


Atlanta 3 
492 Peachtree St., N. E. 
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McLeod Gauges Ace 


are the most convenient and economical instruments for measuring 
low pressures of true gases from | micron up. 


Z 


Y 


The uniform built-in accuracy with ACE Trubore® Top of capillary at square end is evenly flat. Ad- 


tubing provides the finest in McLeod Gauges. 


Permits interchangeable scales for quick accurate 
readings without recalibrating entire gauge. 


justable scale enables lining up top of capillary, 
thus eliminating errors inherent in fixed automatic 
zeroing devices. 


shee Offers you Continued High rbccuracy 
at New Low Prices 


Pressure Range Lowest Reading 


Type mm. Hg. mm. Hg. Price 
A 0-1.0 0.001 $39.95 
B 0-5.0 0.005 38.95 o 
Cc 0-10.0 0.010 36.95 
D 0-15.0 0.50 35.95 
Prices Subject to Usual Discounts 


For Bulletin—Write DEP’T MG-C 


For Catalog listing an unusually comprehensive line in Industrial 
and Laboratory Glassware, write for ACE Catalog “50”. 


ACE GLASS INCORPORATED 
VINELAND NEW JERSEY 
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This magnified photograph shows two thermometers after two min- 
utes’ immersion in boiling 4% solution of sodium hydroxide. Notice 
how the filler has been eroded from the one on the right. Notice 
how fused-in filler is unaffected in the new thermometer on the left. 


At last! Graduations that really defy chemical attack! 


Now, after years of experiment, Kimble’s research- 
ers-in-glass have developed a new, permanent, 
fused-in filler for etched-stem laboratory thermom- 
eters. This new filler is as resistant to chemical attack 
as the glass itself. 

Here are thermometers designed to stay legible. 
The filler is fused-in, and can never erode. The du- 
rable markings are unaffected by attack of organic 
materials and acids (except hydrofluoric). Resistance 
to alkalis is as great as the glass itself. 


Proved under abnormal test conditions 


In laboratory tests, instruments were immersed in 
acids, and organic solvents at elevated tempera- 
tures over long periods of time. Test conditions were 
more stringent than any likely to be encountered 
in actual use. 


Every Kimble thermometer is individually retested 
for accuracy... thoroughly processed with special 
attention to suspension rings and reservoir bulbs 
where residual heat strain is one of the most com- 
mon causes of breakage. 


Economical to use 


Permanent filler plus special processing assure a 
long lifetime of hard laboratory usage. Because 
Kimble thermometers stay in service longer they 
cost less than ordinary etched-stem thermometers. 

These new Kimble Exax thermometers are made 
in a variety of ranges, including those specified by 
the American Society for Testing Materials. 

Your Kimble laboratory supply dealer has these 
new, permanently marked Kimble thermometers in 
stock now. Consult him on your requirements. 


KIMBLE GLASS COMPANY 


Toledo 1, Ohio—Subsidiary of Owens-Illinois Glass Company 
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TODD SPECTRANAL 
MODEL C 


FEATURES 


* Positive element identification 
*Good sensitivity 
tSaves considerable time 


* New principle of excitation 

* Analyzes any sample material 
*Macro or micro samples 

* Visual method of analysis 

*No previous experience necessary 
"Sample not destroyed 

*No accessories required 

* Continuous excitation of elements 
"Harmless excitation voltage 

* Inexpensive 


TODD SCIENTIFIC CO. 
SPRINGFIELD, PA. 
U.S. A. 


& Major Improvements 


the “TODD SPECTRANAL” 


for the rapid qualitative analysis of 61 metallic and non-metallic 
: elements using a simple visual spectroscopic method 


MAJOR IMPROVEMENTS ARE:- 


(1) Detects 61 metallic and non-metallic elements. 
(2) Ten times greater sensitivity. 


(3) Doubled excitation power. 

(4) Variable excitation control. 

(5) No interfering platinum electrode lines. 

(6) New auxiliary chemical method. 

(7) New tables of spectral identification lines. 

(8) Considerable new information in operating instructions. 


WIDE ACCEPTANCE 


Several hundred industrial, institutional, and governmental 
research and control laboratories are using the Spectranal method for 
routine analyses of many types of sample materials. 


CONVERSION TO MODEL C SPECTRANAL 
Users of the Model A Spectranal can have their instrument 
converted to the new Model C Spectranal at a cost of $75. F.O.B., 
Springfield, Pa. It is necessary to have the complete original model 
returned for this conversion to our factory at the address below. 


Please use the coupon or your company letterhead. 


ase mention CHEMICAL EDUCATION when writing to advertisers 


TODD SCIENTIFIC COMPANY, Springfield, Pa. 


Please send to me without obligation your free Bulletin 155 describing the 
new Models C and D of the Todd Spectranal. 
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PETROLEUM 


Esricient 
vet Economicat Unit 


FOR 


Control AND TESTING LABORATORIES 


In the laboratory of today an important 
factor is the need for accurate, though 
basic, equipment. Answering this 
need the Boekel Petroleum Distillation 
Apparatus has been produced with 
simplicity of operation and design 
foremost in mind. 


The condenser, of polished and 
lacquered copper, is cork insulated to 
retain the maximum of refrigeration 
and equipped with overflow tube and 
draincock to facilitate emptying. 


Three “Monobestos” boards with 
1%”, 1%” and 4” openings, 
respectively, are furnished with the 
sturdily made asbestos lined Aluminized 
Steel Distillation Shield. 


Manufactured in strict accordance with 
A.S.T.M. specifications this apparatus 
is used in the completion of the follow- 
ing A.S.T.M. tests: 


D-86-52 Gasoline, Naphtha and Kerosine 
D-158-52 Gas Oil and similar distillate fuel oils 
D-216-52 Natural Gasoline 

D-285-52 Crude Petroleum 


DISTILLATION 
APPARATUS 


Listings— 
1565'/: A Petroleum Distillation Apparatus: asbestos lined guard pond 
with cork insulated condenser trough and lid. Supplied — 


with stand and three boards. a. 
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HEAVY GAUG 


Stainless otee! © 


Made Ex 


have outstanding advantages 


ive the most func- 
ance, 
quality and S. 
Lanco Stainle icated from 
La Pine & which is highly he 
18-8 stainless 5! t wi 
acids ane resist they 
use. Once in economy. Made 
tionally ior quality and ec 
i heir super liliters. 
125 milliliters to 4000 millili 
in sizes 


E 21-43 Stainless Steel Beakers with Pourout Spout 


Designed and proportioned to g 


No. 
h ac 
‘ Depth in Eac 
1.D., in. 1.40 
Size Approx. Wt. 2-1/2 
125 mi 2-1/2 2.50 
325 gm 6-1/4 4-20 425 
446 67/8 475 4.90 
5e6.gm 5-7/8 7-7/8 545 
3000 ml 6-1/2 W FORM) 
4000 ml 691 gm (GRIFFIN LO’ 


RUGGED 
Won't Break 


TOUGH 
Won't Crush 


-BEAKERS vs GRADUATES 


LANCO Heavy Gauge Stainless Steel BEAKERS are not to be confused with regu- 
larly offered lighter gauge graduates. LANCO BEAKERS, made from special, 
remumen ent exclusive La Pine dies, stand alone in their design and functional qualities, 

Easy Pouring 


Stainless Steel Graduates (tapered) 
Made of light gauge stainless steel, these volumetrically 
graduated, tapered containers are satisfactory for some NEW 
laboratory purposes. Available in 5 sizes from 125 ml 
EVEN HEAT D to 1000 ml. : LAPINE 
No. 192-88 Catalog now 
or Stainless Steel Graduates available 
- Size Approx. Wt. Each Per Dozen Request one 
150 ml 52 gm $1.90 $20.52 - 
250 ml 72 gm 2.10 22.68 yer 
500 ml 105 gm 3.10 33.48 . letterhead 
750 ml 135 gm 4.10 44.28 


1000 ml 169 gm 4.50 48.60 
| Attractive Cylindrical 


ARTHUR S. LaPINE and COMPANY GOOT S. KNOX AVE., CHICAGO 29, ILL 


LABORATORY SUPPLIES - EQUIPMENT 
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THE BEST BUY 


COLORIMETERS 


DIRECT READING 
SCALE PANELS 


4 WAYS TO 
MEASURE 
PRECISE 
POTENTIOMETER 
ACCURATE 
TO 2/10% 
10 ML The 
TO .007 ML Pun 
IN 9 big 
CUVETTE TYPES 
pac 
This 
@ Real versatility— 9 cuvette sizes and types—sample volumes for 
\ from 10 ml to .007 ml. The entire range of cuvettes, adapters, and 
ee res accessories for the world-famous Junior Spectrophotometer can be used Mar 
—— directly with the Model 8 Colorimeter! No other filter instrument has ond 


' this complete flexibility, this tremendous choice of sample volume. 

Detr 

COLEMAN @ 4 ways to measure with dual measuring system. Both Optical 
feature s offer Density and % Transmittance readings by either of two methods — instant, Orle 


direct-reflection readings from the illuminated galvanometer scale, for 
MO R gE VA LU E speed and convenience; null-point readings from the calibrated slide-wire 
potentiometer, for the highest possible precision. No other colorimeter 

at offers this combination of precision and convenience. 
Be @ You can read concentrations directly with removable scale 
" le wer ¢o st / panels. Interchangeable panels can be calibrated to read concentrations 

} directly . . . A tremendous time-saver! 

Plus... The same fine photocell and taut suspension galvanometer 


combination, the same rugged construction, the same selection of power 
/ supplies employed by the famous Coleman Junior Spectrophotometer. 


Write Dept. B, Coleman Instruments, 318 Madison St., Maywood, Ill. 


-MQDEL 8 PHOTO-ELECTRIC NOW—AS LOW AS 


Coleman Colorimeter 
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need 
this baby 
vacuum pump! 


Want vacuum you can count on? 
Then be sure to get a Kinney Compound Vacuum 
Pump Model CVM 3153 — the small pump with 
big pump dependability. Model CVM 3153 is 


easily portable from one job to the next — com- 


SPECIFICATIONS 


> Free air displacement 2 cu. ft. per min. 
(57 liters per min.) 


pact enough to fit the tightest space limitations. 
This pump is built for rugged duty . . . it’s “tops” 


for low maintenance and long service. Kinney » Absolute pressures down to 0.2 micron or better. 


— f f 

{ Manu acturing Co. — manufacturers of vacuum > Compact: only 14%” long x 1034" wide x 13%” high. 

) and liquid pumps. Boston, New York, Chicago, » Motor: % HP standard type. 
Detroit, Cleveland, Atlanta, Houston, New 
, Orleans, Charleston (W. Va.), Philadelphia, 


Pittsburgh, Los Angeles, San Francisco, Seattle, 


» Weight: pump only, 31 Ibs.; complete unit, 70 Ibs. 


> Easy to service: no special tools required. 


J and foreign countries. 


KINNEY MANUFACTURING COMPANY 
3605 WASHINGTON STREET, BOSTON 30, MASS. 
Please send Bulletin SV-51 giving full details on Model CVM 3153. 


Name 


Company 


Street 


City State 
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SPECIAL MUFFLE FURNACES 


for Fast, Accurate Results 
in Class Room Studies 


These special Muffle Furnaces are capable of withstanding a 
maximum temperature of 2,000° F., and can reach this tem- 
perature in approximately 1 hour and 15 minutes, starting at 
room temperature. Heating elements, each one replaceable 
independently of the others, line the sides, top, bottom and 
rear wall. 


Numbered Openings Permit 14 Students to Work at One Time 


Door openings are divided in two sections, each operating 
independently. Space is provided in the heating chamber for 
proper identification numbering so that fourteen students can 
use each furnace simultaneously. These furnaces are specially 
suited for drying of precipitates, ash determinations, fusions, 
ignitions, heating metals and alloys, enameling, heat treating 
and experimental test work. 


Hevi-Duty Furnaces Preferred by Many Universities 


All over the country prominent colleges and universities are 
finding these Hevi Duty Multiple Unit Muffle Furnaces fast and 
accurate for class room studies. They are easy to operate, easy to 
maintain, and provide the same exactness used in industry today. 


Write for Further Information 


HEVI DUTY ELECTRIC COMPANY 


HEAT TREATING FURNACES HEMIEBUTLY ELECTRIC EXCLUSIVELY 
DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 


Leading industrial doctors advise immed. 
ate washing with plenty of running water as 
the best first aid treatment for any chemical 
in the eyes. Records prove that washing with 
water for ten minutes or more, close to the 
accident, is necessary to reduce or eliminat 
eye damage. 

Forehead operation leaves hands free to 
open eyelids so water can be directed wher. 
ever chemicals might be lodged. Sanitary white 
baked enamel bow! is resistant to most fumes, 

Over 500 industrial plant installations have 
been made to date. 

Write For Details. 


VALVE NEW Bae 
Chain Operated Wa 
Self-Closing SHOWER 


The B & A Shower is the 
G.P.M. quickest and most satisfac. 
tory way to saturate a work- 
er with gallons of water the 
instant an accident occurs, to prevent a dis 
figuring burn—even a fatality. 
Special shower head, no holes to clog—can 
be used where unfiltered water prevails. 
Write For Details. 


GLAS 
4ND 'VERS 


IN 


DISFIGURING 
FACIAL Cuts, 
AND BURNS! 


TS ANO 
CHEMICAL BURNS 
ON ARMS / 

AND BODY 


A 
SAF-T-BAGS 


are widely used for the sale 
handling of glass bottles cot 
taining harmful chemicals; al» 
the storage and recovery 
expensive serums, biologicals 
and other costly products. 

Painful cuts, disfiguring 
burns, loss of eyesight, or evet 
a fatality, do result from core 
sive liquid splash and flying 
glass when unprotected bottles 
shatter. 


GALLON 
5 GALLON Write For Details. 


BENSON & ASSOCIATES. INC 


P.O. BOX 7542 DEPT. CE CHICAGO 80, ILLINOS 
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Micro Size Adapter 
plus washer for stopcocks 
tess than 2 mm. 


mm. 


Micro Size Adapter 
less washer for 2 mm. 
Stopcocks 


With the introduction of the Micro Size Adapters, the Emil Greiner Company 
now provides stopcock adapters to cover the full range of laboratory stopcocks. 
Now, by choosing the proper size Universal Stopcock Adapter, any glass stopcock 
in the laboratory can be converted to a pressure tight stopcock. 


Exceptionally strong and rugged with a functionally modern contour, the new 
Micro Size Adapters — as with all adapters in our Universal line — eliminate the 
annoyance of leaking stopcocks and the high cost of special pressure stopcocks. 
They are manufactured completely of corrosion resistant materials. 


Order the Universal Stopcock Adapters soon. They will prove a boon to all 
laboratory workers who require pressure stopcocks for burets, 
, gas sampling, measuring apparatus, etc. 


detailed description: The adapter consists of an internal adjustable clamp made 
of corrosion resistant spring brass, nickel plated, which grasps the 
stopcock plug and to which is fastened an aluminum screw. Fitting around 
this clamp is an aluminum barrel which rests against the shell of the 
stopcock. A beryllium bronze coil spring fits around the aluminum screw 
and two aluminum nuts are used to fix the compression in the spring 
against the aluminum barrel. An aluminum washer is used on the small 
sized stopcocks in the range of the adapters. 


price list 


G23005M: Stopcock adapter, Univer- from 2 to 4 mm. bore. each 1.85 


sal, Micro Size, complete with washer, 
for stopcocks 2 mm. bore or smaller. 
Each $1.85 

ALSO AVAILABLE 


G23006 A: Stopcock adapter, Universal, 
Small, complete with washer, for stopcocks 


in 1 dozen lots: 
in2 
in 3 dozen |ots: 


G23006 B: Stopcock adapter, Universal, 
Medium, complete with washer, for stopcocks 
from 6 to 8 mm. bore. each 2.45 


G23006 C: Stopcock adapter, Universal, 
Large, complete with washer, for stopcocks 
from 10 to 15 mm. bore. each 3.95 


10%, discount 


lots: 15% discount 


20% discount 


LINER Co. 


NEW YORK 13, N.Y. 


a \ | 
\ 
| 
as 4 
emical 
to the 
i 
y white 
fumes, \ | 
— 
e 
micro size stopcock adapters for stopcocks of | 
| 
stac- 
york: 
the 
dis 
OST 
A . 
AGS 3 
sale 3 
com 
| 
uring 
r evel 
bottles 
EMT GRE | 
GRE 
INOS 20-26 N. MOORE STREET 
1953 Please mention CHEMICAL EDUCATION when writing to advertisers 15 7 


Educational and industrial laboratories have enthusiastically recei FOR EXACTING | i 
APPLICATIONS 


the new AO P45 Microscope. This precision polarizing microscope is 
priced to encourage wider application of the rapid methods of polarized 
light microscopy to problems of chemistry, petrology, and crystallography. 


many characteristi¢s you 
seek. A few of its proper- 
ties are: Chemical, and 


A Lower Priced 


Instrument for 
CHEMICAL MICROSCOPY 


AND PETROGRAPHY 


SAND SURFACE 
GLAZED 
SATIN SURFACE 


Stock sizes transparent up to | 
32 mm. bore, opaque to 
4,” bore. Available for 


The instrument is simple, convenient in operation, sturdily constructed align 9 Larger 
to withstand inexpe*tenced hands and has a built-in light source. It retains on special order. 


highest quality AO Spencer optical and mechanical features throughout. 


ow body tube analyzer have precision optical tin No. 18 fer 


mati. quality Polaroid elements. Standard AO specifications 
strain-free objectives, eyepieces and com- 
pensators are accommodated. Suitable for ax 9° 
powers up to 430X, numerical apertures Wwregosu” 


up to 0.66. aa 


See the AO Spencer P45 Polarizing 


Microscope at your first opportunity. 
Descriptive 
Catalog. 


Attractively illustrated, 
For your copy 


write Dept. W-67. & CY *® 


THE THERMAL SYNDICATE LTD. 


14 BIXLEY HEATH 
LYNBROOK, N. Y. 


American Optical 


INSTRUMENT DIVISION «+ BUFFALO 15, NEW YORK 


[P leas. 
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Is you are a professor or teacher of chem- 
istry, this big, 17 x 22 inch, plastic-cgated 
S&S Filtration Chart belongs on your 
laboratory wall. 


School and university laboratories have 
long been familiar with standardized, 
high-quality S&S Analytical Filter Papers. 


Now, here is complete data on the rela- 


tive retention values of S&S Analytical 
Filter Papers, and other brands, which 
shows at a glance the paper to use for 
a given analysis. 


To get your free, classroom-size S&S 
Filtration Chart, information about note- 
book-size reprints for your students, sim- 


ply address, on your letterhead: Dept. J-2. 


Carl Schleicher & Schuell Co. 


KEENE, NEW HAMPSHIRE 


[Please mention CHEMICAL EDUCATION when writing to advertisers 
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|| CHEM 
EMISTRY PROFESS 
ORS! 
| 
FILTRATION CHART | 
TE for use in Chemical Analysis 
dE ASH FREE PAPERS ASH-LOW PAPERS 
QUANTITATIVE QUALITATIVE 3 
ULTRA FILTERS~" COLLOIDAL DISPERSIONS ULTRA FILTERS 
(See Bulletin 75) ( See Bulletia 75) 
507 TRACES OF TURBIDITY 576 
590 602-402 
j y FINE CRYSTALS 
569 White Ribbon 597-497 
Ammonium Phosphomol ybdete 595 
: 
589 Block Ribbon 604-404 
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Laboratory Equipment 


“BRONWILL” CONSTANT 
TEMPERATURE 
CIRCULATOR 


makes any 
container 
a constanf 


Stirrer-circulator with speed attachment; 
contact thermometer; immersion heater; elec- 
tronic relay—all in a compact, portable unit. 
Mounted outside bath container, unit elimi- 
nates vibration of bath and contents. Circu- 
lates up to 3 gals. per minute of tempered 
liquid at controlled speed and maintains any 
desired temperature in its range. Has discharge 
head of 6 ft. Bath temperature adjustable from 
room to 100°C with sensitivity of 0.1°C. 
Provides an accurate constant temperature 
bath or liquid circulating system. Thermom- 
eter and Relay together serve as a highly 
sensitive control for incubators, etc. Versatile 
relay alone can be used with normally open 
or closed circuits. 
28248T...Complete unit for 115 volts 


NEWS 


OF THE 
MONTH 


B&L 
FLUORESCENT 
ILLUMINATOR 


for cool, diffuse 
fluorescent lighting 


Soft, diffuse illumination over a wide area. Its 
two 4-watt fluorescent tubes, rated at 7500 
hours of normal operation, are inexpensive, 
simple to operate and replace. 

To insure maximum, evenly distributed 
light, interior of shade is finished in baked 
white enamel. Lamp arm can be secured at any 
position in its 360° travel. Entire illuminator 
can be removed from base and used in holes 
provided on some stereomicroscopes. For 115 
volts, 60 cycles, AC. 


reaches 700°F 
in 12 minutes 


Nickel-chromium alloy wire heating element, 

bedded in isture-proof insulation, 
brings 200 ml of water to a boil in 5 minutes 
—evaporates it completely in 20 minutes 
more. Insulated handle provides reproducible 
settings at any temperature from room to 700°F 
—reached within 12 minutes. 

Bimetallic thermoregulator has heavy duty 
contact points, outlasts linear expansion ther- 
mostats. 6” diameter cast aluminum top. Plate 
efficiently ventilated to prevent table top char- 
ring. Maximum current consumption: 500 
watts. For 115 volts AC. 
16051....With support clamp, 6 foot 

$22.95 


SAFETY-STAT 


for close temperature control 
in air and fluids 


A temperature controller for use over the full 
range, 0-260°C, with differential of +0.1°C. 
Device to be controlled is plugged into rear of 
SAFETY-STAT which is then connected to 
the electrical outlet. 

Dial can be set within 0.5°C of the regulat- 
ing thermostat. Will control loads up to 20 
amperes. Ideal for laboratory ovens, incuba- 
tors, water baths, etc. 
22923T...For 115 volts, 20 amps........ $25.00 


UTILITY 
TABLE 


all stainless steel construction 


Ruggedly constructed of 20 gauge stainless | i 
steel, this handy table has many uses in every | 
laboratory. The two shelves measure 17%” x 
27” and are insulated to deaden sound. Over- 
all table height 32°. Carrying capacity 200 Ibs. 


$23.95 


NEW, IMPROVED TODD “SPECTRANAL” 


for rapid qualitative 
analysis of all 
metallic elements 


Uses simple visual spec- 

troscopic method. Re- 

quires only a few milli- 

grams of sample. Aver- 

age limit of detection is 

0.07% concentration 

or better. Sample may 

be completely recovered. Fool-proof, long- 
life operation. Spectroscope itself usable for 
conventional applications. Complete as illus- 
trated 


24076T...For 115 volts.........$350,00 


Wil 


If you need additional lab material for 
your fall term work, your nearest 
WILL warehouse can give you nd 
service. 


PHONE—WRITE—WIRE—TELETYPE 


WILL CORPORATION. .....Rochester 3, N. Y., 
WILL CORPORATION... ..New York 12, N. Y. 
WILL CORPORATION of Md.. Baltimore 1, Md. 
SOUTHERN SCIENTIFIC CO., INC.. Atlanta 1, Ga. 
BUFFALO APPARATUS CORP. . Buffalo 5, N. Y 


HELLIGE 
Water Testing 


USED WITH CONFIDENCE 
EVERYWHERE 


COLORIMETRIC 
COMPARATORS 
Employing 
GUARANTEED 
NON-FADING 
Glass Color Standards 
for pH, Chlorine, and 22 other important Tests, 


AQUA TESTER for 
Analyses of Water, 
Sewage, and 
Industrial Wastes 


LEA VI 


Employs GUARANTEED 

NON-FADING Glass Color vision. P 

Standards for 30 tests = 

including pH, Fluoride, ot 

Iron, Color of Water, etc. gence . . 

Uses Approved A.P.H.A. accuracy. 

and A.W.W.A. Methods, | 20d light 

No. 2 m 
“Chromatron” 
PHOTOELECTRIC 


COLORIMETER & 
TURBIDIMETER 


for Diverse Water 
and Sewage Tests. 


TURBIDIMETER 
The Turbidimeter 


Without Standards 


for Turbidity 
Measurements 
and Sulfate 
Determinations. 


TWIN-KIT for 
pH Control and 
Chlorine or Bromine 
Determinations of 
Swimming Pool 
Water with 
GUARANTEED NON- 
FADING Glass 

Color Standards. 


WRITE TODAY FOR FREE CATALOGS 


INCORPORATED 


STEWART AVENUE, GARDEN CITY, N. 
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IT’S 


STANDARD 
PROCEDURE 
to make 


STANDARD 


Your Source 
of Supply 


CLOSE WORK IS EASIER WITH A 


ES MAGNI-FOCUSER 
Binocular Magnifier for 

© CHEMISTS 

BACTERIOLOGISTS 

PATHOLOGISTS 


LABORATORY 
TECHNICIANS 


HOSPITALS 


INDUSTRIAL 
LABORATORIES 


4 
MACHINISTS 
INSPECTORS 


LEAVES BOTH HANDS FREE TO WORK 


STANDARD’S SPECIALS of the MONTH! | 
Keeping Pace with your Laboratory Needs! — 


“NALGENE” POLYETHYLENE 


PIPETTE JARS 


SOAKING 
WASHING, 
STORING 
PIPETTES 


SAFELY 


“The Nalgene" Pipette Jars are made of unplasticized virgin poly- 
ethylene. They are strong and easy to handle because of their light 
weight and non-slip surface. ‘Nalgene” Jars can’t break in normal 
use, and, being soft and resilient help to prevent breakage of 
pipettes. 


For 


“‘Nalgene"’ Pipette Jars at room temperatures are chemically resistant 
to acids, alkalies, cleaning solutions and detergents. They are the 
softest and most convenient jar for washing and storage of pipettes. 


. MAGNI-FOCUSER gives your eyes the aid they need for close Available in four sizes. The 7 X 17!/2 in. size will fit most auto- 
| work—great magnification with the clarity and depth of normal matic pipette washers. 
or | vision. Precision—with comfort. This binocular magnifier gives true 
third-dimensional vision. Its two prismatic lenses, ground from the ; ’ 
finest optical glass, automatically adjust to the pupillary distance— Diameter Height Case Price 
no mechanical adjustment is necessary. This assures perfect conver- No. In. In. Quantity Each 
gence . . . freedom from distortion and eyestrain . . . needle-sharp 
HA. --. er eliminates side and overhead distraction 84918 5 8 19 12.50 
and 
No. 2 magnifies times at 20” $10.50 84918A 7 9 12 14.40 
10.50 84918B 5 17'/s 6 17.50 
5 10.50 84918C 7 6 21.50 


Nalge-Axelrod 
MELTING POINT APPARATUS 


A NEW Instrument for PRECISE Melting Point 
Determinations 


The Nalge-Axelrod melting point apparatus was developed with the help of Dr. Leonard 
R. Axelrod of the University of Rochester, School of Medicine and Dentistry to determine 
the melting points of single crystals with accuracy and reproducibility. 


The Instrument consists of a 25 power microscope with polaroid inserts, a built-in light source, 
an aluminum block with a 200 watt heating element and a thermometer. It is used with a 
variable transformer such as the Powerstat, which is available as an accessory. 


The use of polaroid analyzers when determining the melting points of anisotropic crystals 
greatly increases the accuracy of the measurement, since the polarization colors instantly 
disappear at the point of melting. Close proximity of the sample to the thermometer bulb, 
—_ of which are enclosed within the hot stage further enhances accuracy of temperature 
readings. 


Melting points may be obtained simultaneously on two or more samples or on a number of 
crystals from the same sample. 


No. 78485 Melting Point Apparatus, Nalge-Axelrod. Including thermometer and !/2 ounce 
cover glasses, but without variable transformer... Each $135.00 


STANDARD SCIENTIFIC SUPPLY CORP. 
34 West 4th Street e New York 12,N. Y. 


LABORATORY APPARATUS — REAGENTS AND CHEMICALS 
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Get your free copy 


of this helpful new Beckman 
booklet now from your nearest 
authorized Beckman Instrument 
dealer. Or write for Bulletin 23-15 


20 


This helpful 
new booklet 


on modern 
Spectyophotometyy 


By means of a great new 
science — Spectrophotometry — 
laborious, time-wasting analyti- 
cal procedures are rapidly being 
replaced with faster, simpler 
methods of chemical analysis 
and control. 

This booklet, complete 
with color charts and illustra- 
tions, provides for the first tim - 
a basic summary of the imp. 
tant facts to know about the 
interesting subject of Spectro- 
photometry... 


> It explains the principles of Spectro- 
photometry — how light beams are used 
to simplify the various types of chem- 
ical analyses. 


bit shows typical absorption spectra 
and how they are used to quickly iden- 
tify the individual chemicals and chem- 
ical compounds. 


> It tells what to look for in a Spectro- 
photometer and why ... the importance 
of adjustable band widths—wide wave- 
length range—and how to be sure of 
maximum versatility in the equipment 
you select. 


> It outlines typical money- and time- 
saving applications for modern Spec- 
trophotometric equipment, ranging from 
medical laboratories to bottle-making 
machines ... synthetic rubber plants to 
food processing operations . . . paint 
making to criminal investigations. 


BECKMAN INSTRUMENTS, INC. 


SOUTH PASADENA 1, CALIFORNIA 


Beckman Instruments include : pH Meters and Electrodes — Spectrophotometers — Radioactivity Meters — Special Instruments | : . * 
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Compact photochemical equip- 
_ ment for continuous flow, 
batch or recycling processes is 
well recognized for volume 
production. Hanovia lamps 
offer many distinct advantages 
and, frequently, economies 
over other techniques for 
achieving identical reactions. 


Photochemical techniques 
| may reveal interesting possi- 
bilities for your manufactur- 
ing processes. Write today for 
descriptive literature. 


Special Products Division — Dept. CE-953 


| CHEMICAL & MFG. CO. 
100 Chestnut Street, Newark 5, N. J. 
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How Fast? 


Here's an example: Release and read your 
weighings at 100 gram load in 15 seconds. 


How Accurate? 


Direct reading from 1/10 mg. 

By accuracy, we mean the ability to continuously 
obtain the same reading under the same conditions. 
* The Christian Becker Projectomatic has an accuracy 
or reproducibility of 1/10 mg. for all weights up to 
200 grams ... and can be read directly to 1/10 mg. 


ACTUAL SIZE 


PROJECTOMATIC 


Model AB-1 i 


These design features are some of the reasons 
why the Christian Becker Projectomatic offers 
the ideal combination of speed and accuracy. 


e Magnetic dampers assure fast weighing. 


e Scientifically designed metal case 
eliminates cramping of hands. 


e Double pans for taring can be used for 
regular laboratory work as well as repetitive 
weighing. 


e Arcing beam arrest mechanism insures 
positive alignment between knife edges and 
bearings. Prevents sliding of knife edges over 
bearing surfaces—no dulling of center or end 
knife edges. 


e Individual pan arrest, mounted under 


base plate, is adjustable from above. 


Contact your Laboratory Supply House 
for complete details. 


Chistian Lecherro Division of THE TORSION BALANCE COMPANY 


Main Office and Factory: Clifton, New Jersey + Sales Offices: Chicago— San Francisco ven 
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Weighing 


LABORATORY SUPPLIES 


For SPEEDY, PRECISE WEIGHING ... 
NO LOSS iN TRANSFERS— 


Place material to be weighed in covered-front 
and/or open-rear sections. Complete transfers 
easy—rinse material directly — funnel tip 
into receiver. Stable, flat base . . . . lightweight. 


Catalog No. | Diam. (mm) | | Sopa ¢ (mm Price, dozen 


Orders must be in lots of dozen of one size. 10% 
discount on orders of 6 dozen of same or assorted sizes. 


Polyethylene 
Wash Bottle 


Delivers a DROP 
ora STREAM 


Does away with break- 
age .. . mouthpieces. . . 
rubber bulbs. With- 
stands flexing indefi- 
nitely. Durable and 
convenient. Smaller sizes 
used with short, straight 
discharge tube are 
for washing of glass 
electrodes. 


Catalog No. 15720 15721 15722 15723 15724 
Capacity 30 60 125 250 500 
Price 1.15 1.20 1.30 1.60 1.85 


Catalog No. 7 


For EASY 
ORDERING of 
all LABORATORY 
NEEDS— 


Comprehensive, easy-to-use. Latest instruments 
and apparatus. Handy cross-reference section. 
Over 3500 clear, factual illustrations . . . descrip- 
tive material. Items separately numbered. Printed 
on heavy stock, bound in durable Fabrikoid. 


TO GET YOUR COPY: Write today on company or 
institution letterhead giving name title. 


NEWYORE. 


76 Verick Street, New York 13, 
‘Canal 


... for rapid, accurate preparation 
of Volumetric Solutions. 


. .. Laboratories requiring speed and accuracy are © 
using Acculute with excellent results. 


Acid Acetic, 1 N, 1/2 N, 1/4. N, 1/10 N 
Acid Arsenous, 1/10 N........ 
Acid Hydrochloric, 1 N, 1/2 N, 1/4 N, 1/20 N, 


1.85 
Acid Hydrochloric, 1/10 N 1.50 
Acid Nitric, 1 N, 1/2 N, 1/4.N, 1/10 2.25 


Acid Oxalic, 1/10 N, 1/100 N 
Acid Sulphuric, 1 N, 2/3 N, 1/2 N, 5/28 N, 1/16 N, 
1/25 N, 1/28 N, 1/50 N . 1.85 


Acid Sulphuric, 1/10 N 1.50 
Ammonium Hydroxide, 1 N, 1/2 N, 1/4.N, 1/10 N.... 2.75 
Ammonium Thiocyanate, 1 N, 1/2 N, 1/4.N, 1/10 N.. 2.50 
Barium Chloride, 1/2 N . 3.00 
Barium Chloride, 1/5 N 2.75 
2.00 
Bromine (Bromate-Bromide, 1/10 N........................... 3.00 
Ceric Sulphate, 1/10 N ... 4.50 
Ferrous Ammonium Sulphate, 1/10 N................000006 2.75 
lodine (lodine-lodide, 1/5 N, 1/20 N, 1/100 N.......... 2.50 
lodine (lodine-lodide), 1/10 N 2.25 
lodine (lodate-lodide), 1/10 N....................... 5.00 
lodine (lodate-lodide, 1/20 N 3.75 
Potassium Bichr 2.25 
Potassium Bichromate, 1/10 1.75 
Potassium Bromate, 1/10 2.50 
Potassium Bromide, 1/10 NV..................cseccccssssssesesseeeee 2.50 
Potassium Biiodate, 1/100 3.50 
Potassium Carbonate, 1/10 N, 1/16 N...................06. 2.00 
Potassium Ferrocyanide, 1/10 N 2.75 
Potassium Hydroxide (CO: free), 1 N, 1/2 N, 1/4.N.. 2.15 
Potassium Hydroxide (CO: free), 1/10 
Potassium lodate, 1/10 N, 1/100 N, 0.0312 N 

Potassium Permanganate,” WN, 1/5 
Potassium Permanganate, .v._,1/16N,1/20N, 

2.00 
Potassium Thiocyanate, 1/10 N 2.50 
Silver Nitrate, 0.282 N 5.00 
Silver Nitrate, 1/10 N, 0.0282 N................ccccccccccceeeeee 2.50 
Sodium Carbonate, 1/10 N 1.50 
Sodi Carb te, 1/100 N 1.65 
Sodium Chloride, 1/10 N 2.00 
Sodium Hydroxide (CO, free), 1 N, 1/2 N, 1/4N, 

1/5 N, 1/20 N, 1/50 N, 1/100 N...............cccceececeeeee 2.15 
Sodium Hydroxide (CO: free), 1/10 1.90 
Sodium Oxalate, 1/10 N 1.85 
Sodium Thiocyanate, 1/10 N 2.50 
Sodium Thiosulphate, 1/10 N 1.50 
Sodium Thiosulphate, 1/100 N 1.85 
Sodium Thiosulphate, 0.02308 N 2.50 


Starch Indicator (for lodometric Titrations).................. 2.75 


SARGENT 


10% Discount. 
SCIENTIFIC LABORATORY INSTRUMENTS APPARATUS SUPPLIES - CHEMICALS 


In ordering, specify normality 
desired. 
CATALOG E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 


NOW AVAILABLE 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 
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AN ENCYCLOPEDIA of scientific instruments, appa- 
ratus and chemicals—nearly 1500 pages of com- 
prehensive listings—for scientific men working in a 
professional capacity. 

The Sargent Centennial Anniversary Catalog is com- 
piled in familiar alphabetical order by most commonly 
used names. Subject finding words are located at the out- 
side top of each page for rapid location of items. Cross 
references are used throughout—making reference to the 
catalog’s elaborate index usually unnecessary. 

The Sargent permanent catalog number system is per- 

ated—with numbers in sequence with the alpha- 
ical listing and fully identifying each item to insure 
ease and accuracy in ordering. Completely descriptive 
titles in bold-face type distinguish alternatives and simi- 
larities between listings. 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS 
APPARATUS * CHEMICALS 


Accurate woodcut illustrations, printed on fine coated 
papers, assure users maximum detail. 

The 100th Anniversary catalog is bound in durable 
buckram, designed to stand hard use. 

Sargent’s periodical, ‘Scientific Apparatus and Meth- 
ods,” supplements the catalog, and contains information 
about new developments in laboratory instruments and 
apparatus. Both the magazine and catalog are now being 
distributed. Please let us hear from you. 


E. H. SARGENT & COMPANY, 4647 FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICH. 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 


—-Attach Coupon to Your Company Letterhead, Please-—— 


E. H. SARGENT & CO. 
4647 W. Foster Avenue, Chicago 30, Ill. Atin.: Catalog Department 
Olam [1 am not now receiving your periodical, “Scientific Apparatus 


and Methods” 


Name 


Position or title. 


Depa 


Firm 


Mailing address is. 


Town 


rtment or divisi 


or institution. 


State 


Laboratory specializes in the following field or fields. 
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NO. 5050 NO. 5010 
BURETTE BURETTE 
STOPCOCK PINCHCOCK 


NO. 4040 
> PIPETTE, MEASURING 


H°": an opportunity to purchase laboratory glassware tor 
your school at the lowest cost in years. For the first time 
since 1918, when we began to manufacture and sell quality 
technical glassware to laboratory supply houses, the W. T. 
Wiegand Corp. is making its products available directly to 
secondary schools and colleges at an unprecedented saving. 


The following items are accurately calibrated and guaranteed 
to meet the Volumetric Tolerances specified in the U. S. Govern- 
ment’s specifications for Glass Volumetric Apparatus (DD-V- 
581): 


Size Quan 
in Per 1 10 25 50 
Ne. Item Mi. Case Case Cases Cases Cases 


5050 Burette,Stopcock 10 24 47.50 45.25 43.10 41.05 
95 24 51.40 48.95 46.60 44.40 
50 24 51.40 48.95 46.60 44.40 


5010 Burette, Pinchcock 10 24 94.40 23.25 99.15 91.10 
25 94 27.50 26.90 24.95 23.75 
50 24 97.50 26.20 24.95 93.75 


4040 Pipette, Measuring 1 72 36.70 34.95 33.30 31.70 
2 72 36.70 34.95 33.30 31.70 
5 72 36.70 34.95 33.30 31.70 
10 72 41.70 39.70 37.80 36.00 
4080 Pipette, Serological 1 72 40.00 38.10 36.30 34.55 
2 72 38.35 36.50 34.75 33.10 
5 Ls 38.35 36.50 34.75 33.10 
10 45.90 43. 70 41.60 39.60 


2010 Flask, Volumetric 10 36 18.75 17.85 17. -90 16.20 


100 36 21.70 20. 65 19.65 18.70 
2050 Flask, Volumetric 10 6 30.45 29.00 27.60 26.30 
25 30.85 29.40 26.65 


50 36 32.10 30.55 39. 10 27.70 
100 36 36. 70 34. 95 33. -30 31.70 


6050 Cylinder 10 72 40.00 og 36.30 34.60 


44.60 
100 36 25.85 24.60 93.45 


4010 Pipettes, Transfer 1 72 94. 20 23. 05 21 95 20.96 
2 72 24.20 23.05 21.95 20.90 


10 72 33.35 31.75 30.95 98.80 
72 42.55 40.50 38.55 36.70 


Above items ‘sold in case units only. Case units may ~ gstorted to 
get quantity discount price. f.0.6., Vineland, N 


W. T. WIEGAND CORP. 


NO. 2010 NO. 2050 
FLASK, FLASK, | 
VOLUMETRIC VOLUMETRIC 


NO. 6050 
CYLINDER 
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Melting-Point Apparatus 


The Nalge-Axelrod melting-point ap- 
paratus is said to determine melting points 
of single crystals with accuracy and _ re- 
producibility. The instrument consists of 
a 25-power microscope with polaroid in- 
serts, built-in light source, an aluminum 
block with a 200 watt heating element, and 
athermometer. It isused witha variable 
transformer. In practice, with or without 
the use of the polaroid elements, the sam- 
ple is placed between 2 round cover glasses 
in the depression of the heating block. The 
lid which has a small aperture is put in 
place. The temperature is raised quickly 
to within 10 degrees of the melting point 
and is then raised slowly until melting oc- 
curs as observed through the micros-ope. 


The thermometer is read immediately. 
Melting points may be obtained simulta- 
neously on 2 or more samples or on a num- 
ber of crystals from the same sample. 
Further details may be had from the 
Nalge Co., 625 S. Goodman St., Rochester 
20, New York. 


Cenco Chart of the Elements 


A new and up-to-the-minute periodic 
chart of the elements has just been put 
on the market by Central Scientifie Co. 
The information contained within this 
chart has been prepared from the stand- 
point of better layout and arrangement 
as well as to the placement of atomic 
Weights and numbers in relation to the 
symbol of the element. Information con- 
forms to recommendations of the American 
Chemical Society Committee on Atomic 
Weights and the Commission on Atomic 
Weights of the International Union of 
Pure and Applied Chemistry. 

The chart is lithographed in dark blue 
and red on heavy plastic coated paper 
(washable) with metal binding and eyelets 
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for hanging. Three types are available, 
Full details may be obtained by writing 
Central Scientific Co., 1700 Irving Park 
Road, Chicago 13, Illinois. 


New Mechanically Convected Oven 


The Electrie Hotpack Co., Ine., has 
just announced a new table model me- 
chanically convected oven with automatic 
temperature control which uses a minimum 
of table space. The interivr dimensions 
of the chamber are 12 in. wide X 14 in. 


deep X 14 in. high, but the exterior di- 
mensions are only 23 in. wide X 20 in. 


deep X 40 in. high. 


Thus the new Hot- 


But even more important than the appearance of 


cleanliness is the purity and safety of “U. S.” white 


chemical porcelain 


itself. 


Completely 


iron-free, 


chemically inert, dense, impervious, chemical 


porcelain is the ideal material for handling fine 


chemicals — both in laboratory and production. 


THE U. S. STONEWARE COMPANY 


CERAMICS DIVISION 


AKRON 9, OHIO. 
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pack mechanically convected oven takes 
up 50% less table space than comparable 
table models. The floor of the working 
chamber is just 9 in. above the table mak- 
ing it easy to load and unload, and all 
controls are located above and out of the 
way of the working chamber, yet within 
easy reach for adjustment. 

The range of this oven is from 35° to 
180°C. with a temperature differential of 
plus or minus !/2°C. It is equipped with 
an adjustable hydraulic control thermo- 
stat and the Hotpack Limitstat, an over- 
temperature thermal switch, which pre- 
vents the chamber temperature from ex- 
ceeding the control setting. 

More details are available from the 
manufacturer, The Electric Hotpack Co., 
Inc., 5095 Cottman Ave., Philadelphia 35, 
Pennsylvania. 


New Type Automatic Pipet 


The Volupettor, an automatic pipet 
with reservoir assembly, was recently de- 
veloped by Standard Scientific Supply 
Corp., 34 W. 4th St., New York 12, New 
York. 

The device quickly dispenses exact 
duplicate amounts of solution. After de- 
livery, the plunger of the pipettor re- 
mains depressed with the pipet immersed 
into the reservoir solution where it will 
automatically refill to the exact amount 
after releasing the plunger. 

The Volupettor consists of an auto- 
matic pipettor with pipet of Pyrex brand 
glass, a special screw cap and gasket of 
Polyethylene and a non-solvent reservoir 
bottle. Especially adapted screw cap and 


gasket hold the pipettor to the reservoir. 

The Volupettor is available in two sizes: 
250 ml. with a 2-ml. pipettor and 500 ml. 
with a 5-ml. pipettor. Prices and addi- 
tional information may be had from the 
manufacturer. 


STANDARD 
VOLUPETTOR 


BACHARACH 
MANOMETER 


Bacharach Introduces 
Direct-Reading Manometer 


Manometric measurements of gases 
and vapors are simplified with a direct- 


reading manometer developed by Bach. 
arach Industrial Instrument Co, The 
instrument features an adjustable scale 
which can be moved up or down to permit 
direct reading of pressure. 

Other features of the manometer jp. 
clude: Blow-over seal which automatically 
prevents spilling liquid when instrument 
is subjected to pressure surges in exces 
of scale range; shut-off valves which cay 
be conveniently opened or closed by rota. 
tion of knurled discs; indicating fluid of 
1.9 specific gravity which permits pres. 
sure readings to '/io in. W over entire 
scale. The fluid is colored blue for visi. 
bility, and is non-freezing to a low tem. 
perature. 

The instrument is available in two 
ranges: One with scale range 0+7 jp, 
Water; the other with a reversible scale 
of 0-15 in. Water range on one side and 
0-8.5 oz. per square inch range on the 
other side. 

Complete particulars are given in the 
manufacturer’s Leaflet 830 which can be 
obtained from Bacharach Industrial In- 
strument Co., 7301 Penn Ave., Pittsburgh 
8, Pennsylvania. 


Coleman Model 8 Colorimeter 


Coleman Instruments, Inc., Maywood, 
Illinois, announces a completely new 
Model 8 Photo-Electric Colorimeter, with 
new power supply arrangements, revised 
combinations of accessory equipment and 
a lowered price schedule. 

The Coleman Photo-Electric Colorim- 
eter is characterized by a group of unique 
features heretofore available only in 


ELECTRO-ANALYSIS APPARATUS 


Working Manual with methods and extensive 
bibliography prepared as a result of research at 
Battelle Memorial Institute is provided with 
each unit. Copies are free upon request. 


Sturdy, versatile, attractive—this Eberbach Electro- 
Analysis Apparatus has the rugged construction 
needed for continuous duty and the versatility re- 
quired for research. Ammeter, voltmeter, polarity 
reversing switch and power control knob are provided 
for each position. Front is stainless steel; sides are 
cast aluminum finished black. Operates from 115 
or 230 volt, 60 cycle AC. Unit measures 29!/2” by 
14'/.’’ by 16'/.’’ deep. Ask for Bulletin 130-H on 
Eberbach Electro-Analysis Apparatus. 


CORPORATION 


ANN ARBOR. MICH., 
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Spectrophotometers. These include: The 
Coleman system of cuvettes and adapters 
which allow instant choice of any of nine 
cuvette sizes, with minimum sample vol- 
umes ranging from 10 ml. to 0.007 ml.; 
Interchangeable galvanometer scale panels 
allowing direct readings in terms of Optical 
Density, Transmittance or constituent 
concentrations; Four ways to measure 
with dual measuring system. Both Opti- 
eal Density and % Transmittance read- 
ings by either of two methods—instant, 
direct-reflection readings from the illum- 
inated galvanometer scale, for speed and 
convenience; null-point readings from 
the calibrated slide-wire potentiometer, 
for the highest possible precision. 

The Coleman Model 8 Photo-Electric 
Colorimeter and its accessories are fully 
described in Bulletin B-214, available 
upon request. 


New Duo-Vac Oven 


f Labline, Inc., recently announced a 
dual-purpose oven that can be used for 
drying under vacuum or standard atmos- 
pherie conditions at temperatures up to 
125°C. 


Among the features of the new oven are 
10% visibility of drying chamber, 228 
sq. in. of shelf area, safety screen over 
glass window, Thermo-wall heaters and 
2in. glass wall insulation with special as- 
bestos ring separating chamber from outer 
housing. 

Complete details are available from 
labline, Inc., 217 N. Desplaines St., 
Chicago 6, Illinois. 


New Literature 


@ A new booklet presenting the chemical 
ind physical properties of crystal urea 
(arbamide) has been made available by 
the Nitrogen Division, Allied Chemical & 
Dye Corp. The booklet lists possible 
new uses of this versatile chemical, in 
addition to present applications. Data on 
slubility and specific gravity of solutions 
8 also included. Copies of the booklet 
may be obtained by writing to Nitrogen 
Division, Allied Chemical & Dye Corp., 
40 Rector St., New York 6, New York. 

@ Barnstead Still & Sterilizer Co., of Boston, 
Massachusetts, announces the publication 
ofa new bulletin on mixed-bed water 
demineralizers. The bulletin explains in 
‘ext and pictures how a mixed-bed de- 
mineralizer operates in producing high- 
purity water by ion-exchange method. 


Special stress is laid on the recent devel- 
opment of Barnstead’s simplified, positive 
regeneration system, which separates 
resins quickly and surely and then re- 
mixes them for efficient mixed-bed per- 
formance. On the new Barnstead De- 
mineralizers, a glance at the indicator 
shows when exchange capacity of the res- 
ins is exhausted, and regeneration is 
easily accomplished by manipulating a 
few valves. No handling of acid and 
caustic solutions is necessary except in 
charging the regenerant tanks. 

The new bulletin, No. 126, may be ob- 
tained without charge by writing to Barn- 
stead Still & Sterilizer Co., 108 Lanesville 
Terrace, Forest Hills, Boston 31, Massa- 
chusetts. 

@ A new 8-page booklet titled “Twenty 
Questions and Answers on X-ray Analy- 
sis” is available gratis from the Research 
and Control Instruments Div., North 
American Philips Co., Inc., 750 8. Fulton 
Ave., Mount Vernon, New York. 

The booklet also explains specimen 
preparation and describes application 
fields for each of the three X-ray diffrac- 
tion methods. It also discusses calibra- 
tion and selection of analyzing crystals for 
use with the spectrograph in analysis of 
specimens to determine what elements are 
present. 

@ N-Phenyimaleamic Acid, experi- 
mental chemical believed to have many 
interesting potentials for chemical synthe- 
sis, is now available in trial-lot quantities, 
American Cyanamid Co. announced today. 
A yellow crystalline material, it has shown 


promise for use in the preparation of resins 
for synthetic fibers and plastics and as an 
intermediate for the synthesis of new prod- 
ucts. 

In laboratory experiments to date, the 
following chemical] reactions have been re- 
ported: formation of water-soluble alkali 
metal salts; Michael condensations; co- 
polymerization with acrylonitrile, ethy] 
acrylate, viny] acetate and other mono- 
mers; Diels-Alder reaction; dehydration 
to N-Phenylmaleimide. 

A technical bulletin describing the phys- 
ical and chemical properties of N-Pheny]- 
maleamic Acid and its potential applica- 
tions has been published and is available 
upon request to: New Product Develop- 
ment Dept., American Cyanamid Co., 30 
Rockefeller Plaza, New York 20, N. Y. 
@ A new 4-page bulletin which describes, 
illustrates, and lists prices for the most 
frequently ordered items in the Burrell 
line of scientific apparatus and laboratory 
chemicals, is now available from Burrell 
Corp., 2223 Fifth Ave., Pittsburgh 19, 
Pennsylvania. 

One page is devoted to Burrell appara- 
tus for gas analysts including both labora- 
tory and portable models and a compre- 
hensive listing of modern reagents. Other 
pages offer Burrell Box-Muffle Furnaces 
and Burrell Unit-Package Tube Furnaces; 
the Burrell Combustron, a high frequency 
induction heater; the Burrell Carbo- 
trane, a unit-package carbon train; and 
the Burrell Shaker, a flexible automatic 
shaker which is designed to simulate hu- 
man wrist action. 


~RECO 
Neutra -Stat 


Perfect Tissue Sections 
Even in Dry Weather 


Here's the answer for microtomes, 


| balances and other implements susceptible 
to the erratic effects of static electricity, 
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the Reco Neutra-Stat static eliminator. Ir- 
radiating the air with harmless Alpha par- 
ticles, this handy, simple-to-use device 


discharges instantly static electricity on 
nearby surfaces. 

Two models of the Reco Neutra-Stat 
are available — Model M (illustrated 
above) for use with microtomes and 
Model B for use with balances, watch 
glasses, weighing tubes, etc. 


$61-579 Reco Model M for Microtomes...... $15.00 
$3-977 Reco Model B for Balances, etc...... 16.00 
F.O.B. New York, N.Y. 
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ACCESSORIES 


for use with our complete line of 


VISUAL and PHOTOELECTRIC 


POLARIMETERS 


MONOCHROMATORS for rotatory dispersion 


measurements in the visible and ultraviolet. 


INTERCHANGEABLE LAMP MOUNT for quick 


interchange of diferent light sources. 


POLARIMETER TUBES for genera! polarimetry, 
inversion tests, high temperature polarimetry, con- 
tinuous flow, semi-micro and micro polarimetry. 


Write for List PT-14 


Quartz Control Plates, 30° to 100°S, engraved with 
corresponding anguler degree values for Sodium light 


(5899.5A) and Mercury light (5461A), with N.B.S. | | 


Certificate. 


sponding angular degree values as above. Consisting 
of one left and one right rotating quartz plate in 
separate cells each of which can be removed from 
the flanged cell holder for using either quartz plate 
separately, with N.B.S. Certificate. 


Quartz Control Plates, 0° to 30°S, with corre- 


O. C. RUDOLPH & SONS 


Manufacturers of 
OPTICAL RESEARCH 
AND 
INSTRUMENTS 


| 
| 
FOR FURTHER INFORMATION WRITE TO | 


CONTROL 


P. O. BOX 446 CALDWELL, N. J. 
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WHATMAN 


Filter Papers for 
Student Use 


When your graduates go into 
Research or Industrial Laboratories 
they will likely find WHATMAN Filter 
Papers are standard equipment in 


any laboratory they enter. 


You probably use WHATMAN 


Filter Papers in your laboratory also 


so that your students are familiar with 
the various grades and have worked 
with them straight through from their 


freshman year. 


If, however, yours is one of the few 
laboratories where WHATMAN Filter 
Papers are not used exclusively con- 
sider the advantages of standard- 
izing on these widely known, im- 
mediately available papers for all 


your classes. 


Samples and catalog are available 


on request. 


H. REEVE ANGEL & C0., Inc. 


52 Duane St. New York 7, N. Y. 
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SELECTION WITH PRECISION 


The Versenes are tools of chemical analysis and tech- 
nology. They may be used like forceps to pick out a 
particular kind of atom or ion from a complex mixture. 
So catholic are they in their action that they can 
separate metals from each other in solution with 
mathematical precision. Every good chemist knows 
what this can mean to both researchers and processors. 


ORDER OF CHELATION 


The Versenes are powerful and precise chelating agents. 
When added to solutions containing undesirable me- 
tallic ions they preferentially chelate one metal after 
another in one, two, three order. The process continues 


Like a pair of forceps... ™ 


until either the ions or the Versenes are used up. Once 
chelated, the coordinate bonds are not easily broken. 


GUARANTEED COMPLEXING POWER 


The complexing power of the 11 Versenes is guaranteed 
in sample or quantity. All are extremely stable at high 
temperatures throughout the pH range. What’s more, 
all of them are made only by the Bersworth Chemical 
Company under formulas, patents and processes origi- 
nated and developed by F. C. Bersworth. 


When you want to know more about these remarkable 
chelants, write Dept. 00. Ask for Technical Bulletin 
No. 2 and samples. Chemical counsel is available for 
special problems. 


BERSWORTH CHEMICAL CO. 


_ FRAMINGHAM, MASSACHUSETTS 
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FOR THE FINEST SENSITIVE 
MERCURY THERMOREGULATOR 


Maximum Sensitivity by means of 

a Control Current ...0.5 Microamps 

The unit, encased in a gray Hammertone finished 
housing, is a versatile and self-contained prod- 
uct of electronic research and practical design. 
Everything is at the user's fingertips—no 
special inner connections to make. 


OTHER FEATURES: 


e Extra outlets for stirrer and auxiliary heater 

Extra switch for auxiliary heater 

e Switch for normally open or normally closed 
operation 

Load current 15 amps. — for 110 volt — 60 
cycles 

© No chatter—no limit on length of control leads 


Model #7952—same as above 
with built-in auto transformer which $75 
controls input voltage and cuts down 
overshoot 


See Your Regular Supply Dealer or write Directly to us. 


Chemicals 


We urge you to specify ‘Baker Analyzed’’ when you need 
laboratory chemicals. We have complete stocks and are 
ready to serve you promptly. 


THE RUPP AND BOWMAN COMPANY 


Laboratory Supplies 


315-319 Superior Street, Toledo 3, Ohio 
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Reade Street New York 7, NY, 
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Matheson, Coleman & Bell Reagent Chemicals 
include practically all of the items used in 
research and analytical work. The Reagent 
Inorganic Chemicals carry upon the label a 
statement showing the maximum limits of im- 
purities allowed. The Reagent Organic Chemi- 
Net cals are manufactured to pass the specifications 
shown in our price list. In addition to Reagent 
fi Inorganic and Organic Chemicals we offer 
many items of U. S. P., N. F., Practical and 


Technical quality. 


Complete stocks of MC&B items are carried at our East Ruther- 
ford and Norwood plants and are available either through your 
laboratory supply dealer or from the East Rutherford or 


Norwood offices. 


Our new catalog listing 3911 Reagent Chemicals, gf 
And... as always... 


Biological Stains, Chemical Indicators and THE MATHESON CO. 
carries the most diversified 
line available of 
COMPRESSED GASES and 

GAS REGULATORS 


MATHESON COLEMAN BELL 


Solutions will be sent to you upon request. 
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...an up-to-the-minute 


PERIODIC TABLE OF THE ELEMENTS 


a | H VA VA He 


14097 52.0 59 9 57.46) 1649 
232.12) 238.07 237), (242) (243) 
Th | Pa | U | Np | Pu Cm | Bk | CF 


43 3 No. 12051 @& 


This all-new chart has been prepared from the standpoint of up-to-date placement of 
atomic weights and atomic numbers in relation to the symbols and the elements. It is 
easy to use, provides desired information at a glance, and is accurate. Information con- 
forms to recommendations of the American Chemical Society Committee on Atomic 
Weights and the Commission on Atomic Weights of the International Union of Pure and 
Applied Chemistry. Lithographed in dark blue and red on heavy plastic coated paper 
(washable). Metal bound top and bottom with eyelets for hanging. 


No. Size 29” x 59”. Each space contains: Atomic symbol © Atomic number e 


Name of element e Atomic weight or mass number. 00 
12051 e lomic ght or mass er 


(CCURATE 


ae No. Same as No. 12051 except that each space also contains: Electronic configuration 
: 12053 © Natural occurring Isotopes (stable and unstable in the order of their abundance) @ 
Principal oxidation states @ Valence electrons ¢ Melting point @ Boiling 5 0 0 


point e¢ Density 


# OMPLE) (4 No. For student notebooks. Same as No. 12051 but reduced to 8%” x 11” in black only; 

hy 12052 punched for 3-ring binder. Back of chart gives list of common oxidation potentials 0 0 
and a graph of oxidation states (chemical valence) vs. atomic number. ‘4 


CENTRAL SCIENTIFIC COMPANY 


Available for 1700 IRVING PARK ROAD © CHICAGO 13, ILLINOIS 

immediate ship nt « « « one dependable source of CHICAGO NEWARK BOSTON WASHINGTON DETROIT SAN FRANCISCO 
me supply for everything you need in 

SANTA CLARA LOS ANGELES TORONTO MONTREAL VANCOUVER OTTAWA 

Order today atory Over | REFINERY SUPPLY COMPANY 


... 14 branch offices and ware- 
houses. 621 EAST FOURTH STREET @ TULSA 3,O0OKLAHOMA 
2215S McKINNEY AVENUE e HOUSTON 3,TEXAS 
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FOR LABORATORY AND 
SMALL LOT PRODUCTION 


Model 10 in either stainless steel, hard 
rubber, or brass, nickel or silver plated, to 
meet all laboratory filtration requirements, 
provides the versatility that ranks it “tops” 
in} modern laboratories. Model is 
recommended for lab or batch filtration of 
5 to 10 gallons. Model EBW is the smaller 
production unit that has solved hundreds of 
operations for extremely low initial 
investment. 


Barnstead 


STILLS 


For those who need 
the highest purity dis- 
tilled water, free from 
all types of impurities, 
including organic and 
colloidal impurities, 
and bacteria, the Barn- 
stead Water Still is 
the sure, proven, dependable answer, 
Capacities 1 to 1000 gallons. Write 
for Catalog F. 


MODEL No. 10 
CYLINDER 
TYPE 


Barnstead DEMINERALIZERS 


The Barnstead Bantam Demineralizer is 
particularly convenient for laboratories 
that need only mineral-free water. Em- 
ploys renewable cartridge. No regenera- 
tion required. Capacity 5 to 8 gallons 
per hour. Now used by hundreds 
of laboratories. 
Write for Bul- 
letin #124. 


MODEL E-1 
| SINGLE DISK 


MODEL EBW 
FILTER 


Experience has proven that the great 
majority of filtration problems can be 
solved by our engineers with their sea- 
soned background of filtration experi- 
ence. What's your problem? 
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RPORA 


Years of Progress$¥), 65 Lanesville Terrace 
i Forest Hills 
Boston 31, Mass. 


COMPLETE LINE OF 

McKesson é 
(Doster-N 


Laborato 
1706 First 


335 West 

CALIFOR? 
CHL AS. Aloe ( 
(Branch o 


STILE & STERIIZER CO. 


waste any time reading this “Ad” if you want [Jc 
to order your Chemical Laboratory requirements [],“6t« 
from many sources. 1960 San 


National Cl 
1516 Indi 


Western Su’ 

661 S. Bu 

If you want to save time and expense COLORAL 
Use “Amend Service” (all from one source). lh 
The Lea M. 

16 Cherr; 

LARGEST LISTING Nadial Su 


P.O. Box 


Inorganic, Organic, Rare Chemicals, etc. Jacksonv 
In Stock 


for efficient service—specify — 
K.G. Cole 
66 By-Pa 


AMEND DRUG & CHEMICAL Co., INC. = 
New York 10, N. Y. 


117-119 East 24th Street 
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Local stocks mean 


more efficient service... 


More than 600 Merck Laboratory Chemicals are 


quickly available on a local basis from 67 strategi- 
cally located supply houses. Next time you order, 


specify MERCK for 


“precision reagents” of out- 


standing purity, uniformity, and dependability. 


Merck Laboratory Chemicals 
AVAILABLE from the following Local Supply Houses : 


ALABAMA 

McKesson & Robbins, Incorporated 
(Doster-Northington Div.) 
Laboratory Supply Dept. 
1706 First Ave., Birmingham 3 

ARIZONA 

Glico Laboratory and X-ray Supplies 
335 West McDowell Road, Phoenix 


CALIFORNIA 
A.S. Aloe Co. of California 
“7 of St. Louis, Mo.) 
50 So. Flower St., Los Angeles 15 
1400 Sixteenth St., San Francisco 19 
Central Scientific Co. of Calif. 
1040 Martin Ave., Santa Clara 
Central Scientific Co. of Calif. 
(Pacific Laboratory Div.) 
6446 Telegraph Road, Los Angeles 22 
Los Angeles Chemical Co. 
Laboratory Chemical Div. 
1960 Santa Fe St., Los Angeles 21 
National Chemical Co. 
1516 Industrial St., Los Angeles 21 
Western Surgical Supply Co. 
661 S. Burlington Ave., Los Angeles 5 
COLORADO 
The Denver Fire Clay Company 
2301 Blake St., Denver 17 
CONNECTICUT 
Lea Manufacturing Co. 
16 Cherry Ave., Waterbury 20 
FLORIDA 
Medical Supply Co. of Jacksonville 
P.O. Box 4369, 420 W. Monroe St., 
Jacksonville 1 
GEORGIA 
Estes Surgical Co. 
56 Auburn Ave., E., Atlanta 3 
thern Scientific a Inc. 
890 New Chattahoochee Ave. N. W., 
Atlanta 
ILLINOIS 
K.G. Cole Chemicals, Inc. 
66 By-Pass South and B &O Railroad, 
Springfield 


Precision Reagents 


For Accurate Analysis 


A. Rg! & Company 
9 W. Kinzie St. 10 
aun S. LaPine & Company 
6001 South Knox Ave., Chicago 29 
E. H. Sargent & Co. 


4647 West Foster Ave., Chicago 30 
Schaar & Company 
754 W. St., Chicago 7 


Standard Science Supply Co. 
1231-39 N. Honore St., oe 22 

Wilkens Anderson Compan 
5 ig Division St., Ch hicago 51 


INDIA 


Clark Che nical & Supply Company, Inc. 


1527 Miller St., Indianapolis 7 


KANSAS 
Southwest Scientific Corp. 
122 S. St. Francis, Wichita 2 


KENTUCKY 
Allied Scientific Co. 
555 South First St., 


MARYLAND 
Will Corporation of Maryland 
14 W. Barre St., Baltimore 1 


MASSACHUSETTS 
Howe & French Inc. 
99 Broad St., Boston 10 
E. F. Mahady Co. 
851 Boylston St., Boston 16 
Peakes Laboratory Supply Co., Inc. 


Louisville 2 


22 Lexington St., Rear, Waltham 54 


MICHIGAN 
Harshaw Scientific Division 


of The Harshaw Chemical Company 


9240 Hubbell Ave., Detroit 2 
E. H. Sargent & Co. 
1959 East Jefferson, Detroit 7 


MINNESOTA 
Hawkins Chemical Company 
3100 East Hennepin Ave., 
Minneapolis 13 
MISSOURI 
Aloe Scientific Division 
A. S. Aloe Company 
5655 Kingsbury Ave., St. Louis 12 


Heil Corporation 
210 S. 4th St., St. Louis 2 
Kansas City Laboratory Supply Co. 
307 Westport Road, Kansas City 2 
Millard Heath Co. 
325 Olive St., St. Louis 2 


MONTANA 


Northwest Chemical Laboratories, Inc. 


1924 4th Ave., No., Billings 


NEW JERSEY 
Otto R. Greiner Company 
221 High St., Newark 2 
General Laboratory Supply Co. 
P. O. Box 2607, Paterson 
Para Laboratory Supp!y Company 
221 N. Hermitage Ave., Trenton 8 
Scientific Glass Apparatus Co., Inc. 
100 Lakewood Terrace, Bloomfield 


NEW YORK 
Ace Scientific Supply Co., Inc. 
810 Broadway, New York 3 
Amend Drug & Chemical Co., Inc. 
117-119 E. 24th St., New York 10 
The Emil Greiner Company 
20-26 N. Moore St., New York 13 
Riverside Che. ical Company, Inc. 
871-947 River Road, 
North Tonawanda 
Standard Scientific Supply Corp. 
34 West 4th St., New York 12 
Will Corporation 
P. O. Box 1050, Rochester 3 
Will Corporation 
(Branch of Rochester) 
596 Broadway, New York 12 
U. S. Scientific Supply Co. 
1368 Flatbush Ave., Brooklyn 


NORTH CAROLINA 
Cardinal Products, Inc. 

P. O. Box 1611, Durham 
OHIO 
Ace Chemical Company 

216 Elm St., Cincinnati 2 
Crowley Thompson Chemical Co. 


Lederer Terminal, Foot of E. 9th St., 


Cleveland 14 
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The Kauffman-Lattimer Co. 

(App. Dept 

230 N. St., Columbus 16 

Harshaw Scientific Division 

of The Harshaw Chemical Co. 

1945 E. 97th St., Cleveland 6 
The Rupp & Bowman Co. 

315 Superior St., Toledo 3 
OKLAHOMA 
Refinery Supply Co. 

621 E. 4th St., Tulsa 3 
PENNSYLVANIA 
Edward P. Dolbey & Co. 

P. O. Box 7316, Philadelphia 1 
Scientific Equipment Company 

3527 Lancaster Ave., Philadelphia a 
Arthur H. Thomas Comp any 

W. Washington Philadelphia 5 
TENNESSEE 
Kay Scientific Division of 

Kay Surgical, Inc. Laboratory 

Supply Department 

1144 Madison Ave., Memphis | 
Nashville Surgical Supply Co. 

401 Church St., Nashville 3 
Technical Products Company 

19 N. Dunlap St., Memphis 
TEXAS 
E. H. Sargent & Co. 

5915 Peeler St., Dallas 10 
Refinery Supply Co. 

2215 McKinney, P. O. Box 20509, 

Houston, Texas 
UTAH 
Denver Fire Clay Company 

225 West South Temple, 

Salt Lake City 1 
WASHINGTON 
Scientific Supplies Co. 

122 Jackson St., Seattle 4 
WEST VIRGINIA 
B. Preiser Company, Inc. 

416 W. Washington St., Charleston 2 
WISCONSIN 
Roemer Drug Co. 

606 N. Broadway, Milwaukee 2 


MERCK & CO., Inc. 
Manufacturing Chemists 
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ELECTRIC 


7 FURNACES 


with 
AUTOMATIC 
CONTROLS 
LOW INITIAL COST 


ECONOMICAL OPERATION 


CONTROLLED HEAT TO 1050°C. 
Built-in Controlling and Indicating Pyrometer 
This compact, clean heavy-duty furnace meets the need for an inexpensive, 
economical unit for all laboratory operations such as drying of precipitates, 
ash determinations, fusions, ignitions, etc. The maximum safe working 
temperature is 1000°C. (1832°F.). For intermittent periods of short dura- 
erated at a maximum temperature of 1050°C. 


CONTROL: A built-in Indicating-Controlling Pyrometer with Limitstat 
Controller, mounted in the panel board, holds the temperature at any point 
desired, within 25° of the setting. The Controller is calibrated in both 
Centigrade and Fahrenheit in 25° increments from .0 to 2500°F. 


Illustrated is No. 7076. Interior size 8 x 8 x 544. Price $195.00. 
Other sizes to $555.00—Send for catalog. 


THE ELECTRIC 


5097 COTTMAN STREET, PHILADELPHIA 35, PA. 


COMPANY, Inc. 


| 


Acenaphthylene; Acetobromoglucose; Acetonedicarboxylic Acid, 
a-Acetylindole; 3-Acetylpyridine; Acetylthiocholine lodide; cis- 
Aconitic Acid; Acridine Hydrochloride; Adenosine Diphosphate, 
Adonidine; Alanylglycine; Alkaloids; 4-Aminopyridine; Amylase; 
Anserine; Arachidic Acid; Arachidonic Acid; 1-Argininamide; 
o-Arsanilic Acid; Atropic Acid; Bacitracin; Behenic Acid; Carbo- 
benroxychloride; Carnosine; Catalase cryst.; Cellulase; Cerotic Acid; 
Cery! Alcohol; a-Chlioralose; 8-Chioralose p-Chlerosnilidophos. 
phonic Acid; p-Chloromercuribenzoate; Cholesterol Esters; Circula- 
tory Hormone; Clupein; Collagen; s-Collidin; Columbium Chloride, 
Copper Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Glucoside; Desthiobiotin; Dialuric Acid; Dibromosalicylaldehyde; 
Dihydroxyacetone Phosphate; Diisopropy! Fluorophosphate; Dithiol, 
Endosuccinic Derivatives; Enzymes; Equilenin; Equilin; Erucie Acid; 
dl-Ethionine; Ethylenediamine Tetraacetic Acid; Ethylpyridinium 
Bromide; Fructose-6-Phosphate; Gitoxin; Glucoascorbie Acid; Gluco- 
sides; Glucuronides; Glyceraldehyde Phosphate; Glycylglycylglycine; 
Glycylleucine; Glycyltyrosine; Heparin; Hexo- 
kinase; Hyaluronic Acii; 4-Hydroxyacridine; 8-Hydroxyglutemic 
Acid; a-Hydroxyphenezine; 12-Hydroxystearic acid; lodoacetemide; 
o-lodosobenzoic Acid; | bic Acid; Isocitric Acid; lsocytosine; 
Kynurenic Acid; Laectobionic Acid; Leucylglycine; Leucyityrosine; 
Lignoceric Acid; Lithium Amide; Margatic Acid; Menthel Glucuron- 
ide; 8-Mercaptopropionic Acid; M line Sulfate; Mesocystine; 
Methyl-bis-Chloroethylamine; 3-Methyl- 
cytosine; Methylnonylketone; §-Naphthaleneacetic Acid; N-Naph- 
thyl-N’-diethylpropylenediamine; Naphthyl Red; Neurine Bromide; 
Nitrosomethylurea; Nordihydroguaiaretic Acid; Osmice Acid; Para- 

ic Acid; Penicillinase; Peroxidase; Phenolohthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvic Acid; Phthiocol; Pregnenolone; 
Protocatechuic Acid; Purourogallin; Pyocyanine; Pyrimidine; Reductic 
Acid; Sodium Amide; Sodium Fluoroacetate; Sphingomyelin; Sphin- 
gosine; Stilbamidine; Sulfaqui line; Tantal hloride; o-Ter- 
phenyl; m-Terphenyl; p-Terphenyl; Thiomalic Acid; 8-Tocopherol; 
“Tocopherol; 8-Tocopherol Phosphate; 1-Tocopherol Phosphate; 
tigonelline; Tropic Acid; Tyrosinase; Urease cryst.; Uridine; Uro- 
bilin; Ursolic Acid; Vitamin Biz. 


B-Methylerotonic Acid; 


Ask us for others! 
DELTA CHEMICAL WORKS 


23 West 60th St. New York 23,N.Y. 
Telephone Plaza 7-6317 


EXTRA ADVANTAGES FOR YOU... 


vARIABte 


HALF-SHADOW 


THE FULL-CIRCLE 
POLARIMETER 
Made by 


Precision Instrument 
Makers since 1819 


The KERN is the only polarimeter in its price range that 
has the variable hal{-shadow, which makes it possible to 
increase the accuracy in cases of low values of rotation, 
and increase the illumination for dark or troubled solutions, 


Favored in school laboratories because of its extra 
advantages, greater accuracy, low price. 


Write for Bulletin KP-514 
Sold by all leading suppliers 


KERN COMPANY 
5-7 Beekman St., New York 38, N. Y. 


Tough, hard alumina com- 
position insures absence of 
contamination. 


Entirely new shape can be 
firmly gripped and held firm 


with comfort. 


Will not slide or mar pol- 
ished desk tops. 


Try this modern mortar in 
your laboratory. 


Internationally 


fLAIN 


for Quality 


Coors PORCELAIN COMPANY 
COLDEN, COLORADO 
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The ox is one fellow who never shies 
away from pulling his own weight. 


hat In fact, he often pulls many times it. 
) fo If you are a lab instructor, you know 
on, 


that your glassware has to be strong 
enough to “‘more than pull its own 
weight,” too. . . first, because you are 
responsible for the safety of your 
students, and second, because you can't 


afford constant replacement costs. 
That’s why it pays to take advan- 
tage of the safety and economy of 
durable PYREX brand laboratory 
glassware. Experience in thousands of 


PYREX BRAND TEST TUBES 
—Twenty-two standard sizes 
from 10x75 mm. to 65x500 
mm. Strong, sturdy .. . tops 
for applications encountered 
in school chemistry. 


) PYREX BRAND REAGENT BOTTLES 
~-Permanent red coloring for quick 
easy reading. Easy grip  inter- 
changeable stoppers. High chemical 
val stability for protection of standard 
solution. Special labels available. 
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CORNING GLASS WORKS, Corning, New York 
meant research ie Gllatd 


_.. iS important in laboratory glassware, too 


schools has proved its ability to with- 
stand steady, day-to-day use by in- 
experienced hands. 

You can be sure of utmost resistance 
to physical and thermal shock because 
it is made of famous PYREX brand 
glass No. 7740. You also can depend 
on added protection against breakage 
plus simple handling and storage be- 
cause of its functional design. 

Your laboratory supply dealer stocks 
the complete PYREX laboratory ware 
line. Call him today. Whatever your 
lab needs are, he is ready to serve you. 


WATCH GLASSES—Pressed instead of 
blown construction for maximum strength. 
High chemical resistance prevents con- 
tamination of solutions during boiling 
operations. 
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Available in 
FARRAND || 
tions: 8 hour: 
ELECTRON MULTIPLIER This entire 
reliable 
PHOTOMETER 
For PRECISE Measurements ae minum 
of Low Light Intensities ation of ten 
given point 
®@ Selective Wide Range of Sensitivity every tem 
© Ultraviolet and Visible Regions 
1c 
© Linear Response removable 
@ Dark Current Balance Control instrument. 
@ Constant Voltage 
©® Compact, Simple to Operate 
The Farrand Electron Multiplier Photometer is A) 
widely used in university, industrial and hospital ae 
laboratories for critical measurements at very low In principle 
light levels. imanemome 
readings of 
A list of users and complete details of design, tions or refe 
operation and performance may be had by writing by holdi 
for Farrand Bulletin #804. ~st ad blo 
n of a 
ment housin 
rotor 
FARRAND OPTICAL CO., Inc. Sed 


(Mass Spectrometer Checked) 


—_RARE GASES 
| HELIUM - NEON » ARGON + KRYPTON - XENON 


No. 2070 


Designed for the rapid and accurate determina- 


tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity inf 
and stability are such that it has been found small 
particularly useful in determining very small Linoe. Rare . ’ Gases ore mass spectrometer. checked fo in 
amounts of these substances. assure you gases of known ewer: and uniformly high. 
quality. Available in’ com size cylinder ahd 
| Linde, the world’s largest producers of gases derived 
wail from the atmosphere, can meet your individual needs 
of purity... volume ... mixt: contai All 
KLETT SCIENTIFIC PRODUCTS— a fix 
ELECTROPHORESIS APPARATUS e« BIO COLORIMETERS 
GLASS ABSORPTION CELLS # COLORIMETER NEPHELOM- LINDE AIR PRODUCTS COMPANY 


ETERS e GLASS STANDARDS e KLETT REAGENTS 


i & DIVISION OF For ea 
UNION CARBIDE AND CARBON CORPORATION 


30 East 42nd Street [119 New York 17, N. Y. 
in Canada: Dominion Oxygen Company, Limited, Toronto 


Kle#t Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 
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TEMPSCRIBE 
Recording Thermometer 


Available in 10 different ranges to cover —30°F 
to +160°F temperatures, and with spring-operated 
chart drives for any of the following chart rota- 
tions: 8 hours, 24 hours or 7 days. 


ER This entirely self-contained, compact and 
reliable temperature recorder auto- 
Q matically writes a continuous record of 

temperature changes on a replaceable 
chart. Record shows at a glance maximum 
and minumum temperatures and the dur- 
stion of temperatures above or below any 
given point; also shows the exact time of 
every temperature change and how 
rapidly it takes place. Recording pen and 
bi-metallic element are built in hinged, 
removable door which is also front of 
Thus, by changing 

rs it is easy to interchange temperature ranges. Instrument is 8” 

54° wide and 434” deep. Charts are 414 inches in diameter. = 


FLORITE Anemometer 


la principle, this unique instrument operates as 
manemometer but provides instantaneous, direct 
readings of air velocity without timing, calcula- 
tions or reference to charts. Readings are obtained 
; ty holding the instrument in the air stream so 

that air blows against its circular face, causing 
rotation of a multi-blade rotor mounted in instru- 
neat housing. The circular scale surrounding the 
rotor instantly turns to correct air velocity read- , ; 
ing under an index pointer on scale window. AVéilable in two styles: 


Write for Bulletin 1-715 


indleather case. with a double scale of 
0-3000 ft./min. and 0-35 


Write for Bulletin 1-760 miles per hour. 


BACHARACH industrial Instrument Co. 


7301 PENN AVENUE «+ « PITTSBURGH 8, PA. 


COLEMAN 
UNIVERSAL 


ANALYTICAL WORK-HORSE 


a 


The Universal is fast, exact and able to meet special problems. It has long-path cells 
for trace determinations; fluorescence attachments for fluorophors; micro accessories for 
small samples; and an adapter for nephelometry. 


Here’s why the COLEMAN is so convenient 
FOR CLASS USE 
Use of a The diffraction grating creates a true undistorted spectrum, unlike prisms 


grating whose spectrums appear condensed in the short wavelengths, much wider 
in the longer ones. 


The true spectrum used in the Universal, makes possible a fixed slit. The 

Allows using bandpass is 35 my and it is constant at all wavelengths. Only Coleman 
a fixed bandpass | Spectrophotometers fully select color with a single dial, and without sec- 
ondary adjustment of the slit. 


For easier operation The Coleman's fixed Band-pass allows valid use of calibration curves, elimi- 

and full nates need for continual preparation and use of concurrent standards; insures 
| reproducibility, simplifies and speeds instrument operations. No vacuum tubes 
| reproducibility and no mechanical linkages means lower maintenance, greater reliability. 


| T'WACO made installations at . . . Northwestern University Clinical Class. . . U. of Wisconsin instrument course and 


quantitative analyses course .. . Omaha, Calvin, Carroll, Beloit, Denison, Pasadena, Massachusetts, Nebraska, Ripon." 


WILKENS-ANDERSON Co. 
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EDUCATIONAL INSTITUTIONS 
INDUSTRIAL LABORATORIES 
HOSPITALS 


Insist on... 


Accuracy 


Assured by Sensitive Controls 


ES SS SS SS 


@ AUTOCLAVES 

@ OVENS—GRAVITY—MECHANICAL 
@ STERILIZERS—HOT AIR 

@ INCUBATORS 

@ HUMIDITY CABINETS 


@ BATHS—WATER—OIL 

[A\| steriuizers—sTEAM 
@ WATER HEATERS 

WRITE FOR COMPLETE CATALOG TO DEPT. Z 


506 West 124 St. 


New York 27, N. Y. 


SPECTROPHOTOMETER 


use WACO 


accessories with your 


Coleman 
your WACO CATALYST... 


Il the Coleman Instruments com- 
pletely described in one handy book 
. . . PLUS those Waco Technical 
Service Adapters. WRITE FOR A 
FREE COPY, Vol. JC-9. 


AUTHORITATIVE Bibliography of 
Photoelectric photometric 
Methods of Analysis for Inorganic 
lons, by Stillman and Dunlap. Cover- 
ing the Analytical edition of Indus- 
trial & Engineering Chemistry, Vol. 
23, No. 10, 1951, and the Analyst, 
Vol. 62 through Vol. 76, No. 906, 


STEEL 4.4D IRON ANALYSIS.. FREE 
BOILER WATER ANALYSIS.... FREE 


REVISED METHODS of Vitemin 
Assay, by the Association of Vite- 


CURVES AND _ REFERENCES, 


FREE 


PRACTICAL CLINICAL CHEMIS- 
Y 1953, complete detailed 
procedures, Alma Hiller......... $6.50 


LABORATORY SUPPLIES AND CHEMICALS 
4525 W. DIVISION ST., CHICAGO 51, iLL. 


| Instruments tor Measuring _ | 
“AIR TEMPERATURE and VELOCITY 
| 
) 
.... 
a WACO LECTURE BULLETIN, Vol. 
| 
j | 
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r-— DISCOVERY 
of the 
ELEMENTS 


Mary Elvira Weeks 


Nature’s primeval building materials, about ninety 
chemical elements, have been uncovered one by one 
through the ages by patient searchers in many lands. 
These discoveries are recorded for the most part in old 
chemical journals and letters, biographical dictionaries, 
and obsolete textbooks seldom read by the busy modern 
chemist. 

Present-day scientists are fortunate to have these scat- 
tered records now assembled in one compact, readable 
volume. Here for the first time the finding of the elements 
is told as a connected narrative. For the general reader, 
and for the chemist as well, scanning this book is like 
making a voyage through history, discovering many re- 
mote spots and elusive people. These fascinating ac- 
counts of scientific achievements not only inform the 
reader of momentous events but acquaint him with the 
life-stories of men and women whose indefatigable labors 


CHEMICAL EDUCATION PUBLICATIONS 
20th and Northampton Streets, Easton, Penna. 


have made possible most of the material blessings which 
we enjoy today. 

A vast amount of information, all of it intensely inter- 
esting and as accurate as painstaking research can make it, 
is packed within these covers. 330 illustrations, many of 
them rare, provide a panorama of chemical history and 
add greatly to the value of the book. 


“For the beginner in science there are few books 
more suitable for collateral reading. . . . To older 
readers, a veritable treasure-trove of scientific in- 
formation.’’"—Scientific Monthly 


“Unique in its class, scientific and broadly human- 
istic, scholarly and interesting.”—Tenney L. Davis 


“The author succeeds in presenting the tenseness 
which must have lain in the search for new ele- 
= Matematik Fysik och 

emi 


“Fascinating reading. . . . The chemists, ancient 
and modern, are made to seem alive.’’-—The 
Chemical Age 


“A treasure house for those who take pleasure in 
coming into intimate contact with the lives of great 
people. . . . It stimulates, encourages, and leads its 
readers on to a more careful study of science.”’— 
The Science Teacher 


“Should be required reading for all college teach- 
ers . . . and on the reserve reading list of all other 
of American Chemical 
Society 

(Outside U.S.A. $4.50) $4.00 


“I have just examined a copy of the 25-Year Cumula- 
tive Index of the JOURNAL. I congratulate you upon 
a beautiful piece of work. The Index will be of in- 
calculable value not only to teachers, but to au- 
thors of the JOURNAL. I think a justified criticism 

of the work of the latter—and I include myself— 

has been their failure to recognize the contribu- 

tions of others in the field. Now that the Index 

is available your reviewers can crack down on 

those in the future who skim over this essen- 

tial of good scholarship.” 


from a letter to the Editor 


The 25 Year Cumulative Index to the JOURNAL OF CHEMICAL $3 00 
EDUCATION is not a compilation of the annual indexes. It's a * POSTPAID ($3.50 foreign) 
completely new index made from a study of each issue pub- 
lished since January 1924. This Cumulative Index is a veri- 
table bibliography of the entire field of chemical education. Journal of 
It's a source book of ideas for the teacher and the chemist in 
industry alike. If you have access to the JOURNAL, you need CHEMICAL EDUCATION 
a copy of the Cumulative Index. Order it today. EASTON, PENNSYLVANIA 
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of chromatographic analysis as an important re- 
search tool, SCHAAR and Company is ready to 
serve you with a complete range of the finest 
equipment and accessories used in the chro- 
matographic method. 


CHROMATOGRAPHY CABINETS 


provide the laboratory with maximum dependability, ac- 
— curacy and convenience in obtaining chromatograms by 
either the ascending or descending technique. Engineered 
and constructed to meet your most exacting requirement, 
with stainless steel interior, triple-pane insulating windows, 
and many other features. 
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AND COMPANY 
MPLETE PAPER BART! 


SCHAAR and COMPANY 


754 W. Lexington St. 


Chicago. 7, Illinois 


CHROMATOGRAPHY JARS 
PAPER SUPPORT. RACKS 
ULTRA-MICRO PIPETTES 
SOLVENT ASSEMBLIES 
CHROMATOGRAPHY CLIPS 


INDICATOR. SPRAY BOTTLES 
WHATMAN FILTER PAPER 


CHROMATOGRAPHIC TUBES 
CHROMATOGRAPHY DRYING OVENS 
ULTRA-VIOLET LAMPS 


FOR COMPLETE DETAILS, 
WRITE FOR BULLETIN LO-253 TODAY! 
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Chart Features 


Element Name 

Atomic Number 

Atomic Weight, 1952 Revision 

Atomic Mass Data 

Thermal Neutron Cross Section 

Element Symbol 

Stable Isotopes Color Coded in Blue 

Naturally Radioactive Isotopes 
Color Coded in Green 

Artificially Radioactive Isotopes 
Coded by Half-life in 6 Colors 

Radioisotope half-life 

Modes of Radioactive Decay 

Radiation Energies in Million elec- 
tron volts 

isomeric States 

isomeric Transitions 

Nuclear Transmutation Code 

Percentage Abundance of 
Naturally Occurring Isotopes 

Fission Data (thermal fission of 

Lithographed in 8 Colors Plus 
Black and Gray 

Corrected to February 1, 1953 

Compiled and Edited by 
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Ir nas been one of our strongest convictions that the life and strength of a democ- 
racy rests upon the intelligence and enlightenment of its people. This—like a few 
of the other foundations of our particular society—we seem to be in some,danger of 
forgetting. 

True, we send our children to school and to college in greater numbers than we, 
or any other people, ever have in the past; but do we really have a clear enough 
idea of why they go or what they are to get there? Social prestige, technical skills, 
personal ambitions, and a host of other motives combine in confusion to boost school 
enrollments. Perhaps it is sufficient that they, the children, go; shall we then 
leave it to the curriculum makers to decide what they shall get there, and why? 

Perhaps it is the very confusion in the process that brings us to a certain bored 
indifference. The fact is, we do not highly value erudition for its own sake. 

We put the highest prize on know-how. We say that know-how has brought our 
little corner of civilization to its present state of development. There is no doubt 
about it; it has produced the highest standard of living ever attained. Let no one 
attempt to detract from its importance; but it is not enough! 

Know-how is born of knowledge for its own sake, but it has a way of denying its 
parentage. Let the child respect its forebears! Unless we exalt the spirit of free 
inquiry which has no other urge but to know, in every field of life, we are lost. We 
do not highly respect those who pursue this quest, else how can there be such a 
shortage of teachers, why are there so many schools that need to be built, and why 
so many educational institutions perpetually on the verge of financial collapse? 

We are very likely facing one of the most critical periods in our history, which 
can determine whether we go up or down. There is no single conviction which is 
likely to decide the issue, but one will almost certainly be our attitude toward the 
spirit of free inquiry, which, transiated into simple words, is popular education. 

We have a dangerous potential rival in the field of know-how. Figures are hard 
to come by, but it is reliably reported that Russia is turning out engineers and 
technical scientists faster than we are. If true, this can well cause us more concern 
than an old-fashioned arms race. 

We cannot permit ourselves to be outstripped; at the same time we cannot 
afford to lose our soul. This is a race which we must enter into on our own terms, 
not on those of our rival. An educational system shackled by regimentation and 
propaganda is something foreign to our experience and taste, while well known to 
our adversary. It would be a handicap to us, not a help, although we are already 
running some risk of being saddled with it. 

Either we believe our stated convictions about the freedom of the human mind or 
we resign ourselves to defeat. Our democracy has no other firm basis than the 
complete freedom of its people to enlighten themselves. We must see that there 
is no obstacle to this freedom. 
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e DATING WITH CARBON 14' 


Onze of the most important scientific discoveries of the 
past decade is the existence of measurable amounts of 
carbon 14 in the atmosphere, hydrosphere, and bio- 
sphere by W. F. Libby and his associates (1). Since 
the half-life of carbon 14 is reasonably long (5568 + 
30 years) and since a constant concentration is pres- 
ent in living things, air, and surface water, the time of 
removal from the carbon dioxide life cycle can be meas- 
ured quantitatively if the carbon 14 concentration is 
determined. Thus a method was devised which per- 
mits relatively precise age determination of archeologi- 
cal and geological materials from the present back to 
several tens of thousands of years ago. The time di- 
mension is uniquely important to the sciences of arche- 
ology, anthropology, and geology, and as no quantita- 
tive method was previously available for this time in- 
terval, the application of this method is causing a major 
advance in these sciences. At the present time some 
400 dates have accumulated from work at Chicago and 
Columbia (1, 2, 3). Additional contributions from 
other laboratories are expected during the coming year. 
While a few anomalous results remain unsolved, the 
agreement between different laboratories, the self- 
consistency of the data, and the agreement of the ages 
measured with external checks provided by geology 
and archeology assure the general applicability of the 
method. 


PRINCIPLES 

The carbon-14 dating method is based on the follow- 
ing considerations. Neutrons produced by cosmic rays 
in the upper atmosphere react with nitrogen 14 atoms 
to give carbon 14 atoms. These are oxidized to carbon 
14 dioxide which then enters the carbon dioxide life 
eycle of air, water, plants, and animals. Since the 
cosmic ray flux is essentially constant on the long 
time scale involved, the reservoir of carbon into which 
the carbon 14 is diluted is a constant, and the rate of 
decay of the carbon 14 is a constant, a sample of carbon 
taken from any part of the carbon cycle should yield 
a constant concentration of carbon 14. This deduc- 
tion has been verified experimentally. Now if carbon 
is removed from this cycle by the death of a plant or 
animal, the sedimentation of a carbonate or the sub- 
mergence of surface ocean water, that carbon. receives 
no more carbon 14 and the amount which it had is de- 
caying away according to the known half-life. There- 
fore, the carbon 14 concentration forever after will be a 
quantitative indicator of the time since death or re- 
moval from the cycle. 


1 Presented at the 122nd Meeting of the American Chemical 
Society, Atlantic City, September, 1952. 


J. LAURENCE KULP 
Lamont Geological Observatory, Palisades, New York 


TECHNIQUE 


The measurement of the extremely low-level beta 
activity found in natural carbons requires special in- 
strumentation to reduce the background to sufficiently 
low levels (4, 5). Carbon 14 can be measured in prin- 
ciple by the ion chamber, Geiger counter, proportional 
counter, or scintillation counter, All of the published 
results to date have been obtained by counting elemen- 
tal carbon mounted on the inside of a large-volume 
Geiger tube. 

The process consists of preparing a sample of pure 
carbon from the natural carbon-bearing material, 
mounting this in a special screen-wall Geiger counter, 
and counting it against the background for several 
days. The key to the success of the procedure is the 
reduction of the unshielded background of the counter 
(about 350 ¢.p.m.) to about 2 ¢.p.m. by the use of 
elaborate shielding and anticoincidence counters and 
circuity. 

The preparation of the pure carbon requires careful 
attention. The carbon in carbon-bearing material 
is converted to carbon dioxide either by acidification 
or combustion. It is then trapped with liquid air, 
expanded into ammonia solution, and _ precipitated 
as CaCO;, which is thoroughly washed. The carbon 
dioxide is released from this purified carbonate with 
acid, trapped again in liquid air, and reduced over 
magnesium turnings at 1000° C. The reaction prod- 
ucts from the reduction must be leached away from the 
carbon. It appears that, although the products of 
reduction (except carbon) are readily soluble in HCl 
(Mg, MgeC, MgO), an extended leaching with boiling 
concentrated HC! will not reduce the ash content below 
10-20 per cent. Spectrographic analysis of the ash 
shows only a pattern of periclase (MgO). It turns out 
that the graphite flakes form “tents” around the MgO 
particles and that these “tents” must be punctured. 
This can be done by a 10-minute leach in boiling con- 
centrated nitric acid. The process oxidizes about 5 
per cent of the carbon but statistically eats a hole into 
each “tent” reducing the ash immediately to about 
1 per cent. The purified carbon is made into a slurry 
with distilled water and a trace of agar and coated on 
the inside of a sample cylinder which is used in the 
screen-wall counter. After the counter has been evacu- 
ated and filled, it is placed in a 12-ton iron shield. 
The iron removes most of the natural gamma and soft 
cosmic-ray components and reduces the background 
to about 120 ¢.p.m. in our laboratory. The mesons 
which pass through the iron shield trigger a tube of the 
anticoincidence ring at the same instant that they 
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activate the sample Geiger tube in the center. The 
circuit is arranged to cancel such a pulse in the sample 
Geiger tube. This further reduces the background to 
about 5 c.p.m. About half of this residual count is 
from gammas from the 12-ton iron shield. It turns out 
that 1 in. of mercury placed on the inside of the anti- 
coincidence ring absorbs 85 per cent of these and re- 
duces the background to about 2¢.p.m. This situation 
makes it possible to date materials back to about 30,000 
years before the present. 


RESULTS 


Knowns. Of primary importance in the early stage 
of development of the carbon-14 dating method was 


the measurement of samples of known age. Table 1 
TABLE 1 
Known Samples 
Sample Known Carbon-14 
no. Description age age 

*L-123C Inca temple 4444+25 450+ 150 
L-108A Sequoia tree ring 880 +15 930+ 100 
L-108B Sequoia tree ring 1377 + 4 1430 + 150 
C-62 Mummy coffin, Egypt 2280+ 5 2190 + 450 
C-81 Funerary ship, Sesos- 

tris tomb 3750 + 10 3620 + 180 
C-12 Cypress beam, Sneferu 

tomb 4575 + 75 4802 + 210 


*L = Lamont Geological Observatory, Columbia University. 
C = Institute for Nuclear Studies, University of Chicago. 


shows the results on a few of the calibration samples of 
known historical date. In all cases the carbon-14 
date agrees with the known date within the probable 
error of the counting statistics. Since this has been 
found to hold for many other samples, it appears that 
the counting precision is still the limiting experimental 
factor. 

Archeological Applications. Many specimens of 
archeological interest have been submitted for carbon- 
14 dating. Table 2 contains a few of these dates 
selected to show the kinds of problems to which the 
method has been applied. 

A Mayan lintle was discovered on which a Mayan 
date was inscribed. The two proposed Mayan calendar 


TABLE 2 
Archeological Samples 
Sample no. Description Age, years B. P. 

L-113 Mayan lintel with carved 

date 1,470 + 120 
C-576 Isaiah manuscript 1,920 + 200 
C-602 Stonehenge, England, late 

neolithic 3,800 + 275 
L-134 Tunisia, early neolithic 8,400 + 400 
C-524 Belt cave, Iran, mesolithic 10,560 + 1200 
C-579 France, upper Paleolithic 13,000 + 560 
C-406 Lascaux cave 15,500 + 900 
C-428 Oregon sandals 9,050 + 350 
L-129 Stomach contents of ex- 

tinct Moa, New Zealand 1,800 + 150 
L-127 Superbison flesh and hair, 


Alaska Older than 28,000 
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correlations differed in absolute time by some 300 
years. This date corresponds exactly with one of these 
and thus fixes the Mayan culture in history. 

An important recent discovery to Biblical and Semitic 
scholars was a manuscript scroll of the Old Testament 
book of Isaiah. Debate ensued as to whether it was 
written a century or two B.c., in the second century 
A.D., or whether it was a medieval forgery. The 
carbon-14 date proved that it was genuine, but there 
was inadequate precision to decide between the first 
two alternatives. 

Specimens from England, Tunisia, Iran, and France 
indicate the time range for certain prehistorical cul- 
tures. The Lascaux cave is the oldest date on a human 
site so far tested. It is the site of the famous cave 
paintings of the extinct woolly mammoth. 

The woven sandals from Oregon and several other 
dates from Western caves suggest man has been in 
North America at least 10,000 years. 

Among the more exotic specimens tested was the 
stomach contents of the recently extinct Moa bird 
of New Zealand. 

One of the most interesting specimens measured so 
far in this group is the flesh and hair of one of the widely 
publicized superbison frozen in the permafrost ground 
of northern Alaska. In both Alaska and Siberia such 
animals have been found in such an excellent state of 
preservation that dogs have eaten the flesh. The 
fact that this one was frozen over 28,000 years ago and 
preserved ever since is probably the longest recorded 
deep freeze yet reported. 

Geological Applications. Table 3 shows some selected 
dates of geological interest. One of the most impor- 
tant geological problems is the time of retreat of the 
last continental ice sheet. The first two samples of 
extinct forest now overlain by the latest drift shows that 
the last continental glacier was still in Wisconsin 11,000 


_ years ago. Many additional samples are making it 
TABLE 3 
Geological Samples 
Sample no. Description Age, years B. P. 
C-308 Two Creeks, spruce wood 10,880 + 740 
C-366 Two Creeks, peat 11,100 + 600 
L-1251 Mississippi delta, weathered 
surface 273 ft. Older than 30,000 
L-125G = Mississippi delta, shell 73 ft. 9,000 + 200 
L-125A Mississippi delta, wood 25 
2,900 + 300 
L-111A Bermuda drowned forest 70— 
90 ft. 11,500 + 700 
L-111B Bermuda peat 6,900 + 150 
L-141A Florida everglade peat 4,900 + 200 
L-114A _ So. California 75 ft. (lowest) 


terrace Older than 30,000 


possible to understand the absolute time of the advance 
and retreat of the ice during the last part of the ice age. 
The Mississippi delta and Bermuda samples show the 
worldwide change in sea level accompanying the last 
glacial period. The weathered surface at 273 ft. cor- 
responds to the maximum sea-level lowering. Then 
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Another perennial problem in geochem. 


a TABLE 4 istry and geology has been the origin of 
p Ocean Water é 

petroleum.- Most theories required a long 

Location Depth C. p.m. Age period of time, e. g., 1,000,000 years, for 

54°35'N 41°W Surface (1) 6.82+0.09 — Recent the hydrocarbon molecules to be prepared; 

(2) 7.74 becslicdbetel then came migration and accumulation, 

Av. 6.77 £0.06 It had further been frequently stated that 

tacdern recent marine sediments contained no hy- 

shells 6.72 + 0.10 droecarbons. Dr. Paul Smith at the Eggo 

58°19'N 32°56.8’'W 1829 m. 5.38 + 0.07 Laboratories (6) began a new search for 

5.60 £0.11 such hydrocarbons using modern organic 

Av. 5.45+0.06 1600+ 130 techniques in brilliant fashion and dis- 

53°52.6’N 21°06’W 2743 m. 5.31 + 0.12 covered hydrocarbons in appreciable 

5.36 + 0.12 quantities. Not only did he find enough 

Av. 5344010 17504150 bydrocarbons to account for known petro- 


leum reserves, but the range of compounds 


as the ice melted: back we have a complete record of 
sea-level rise as a function of time. It was about 80 
ft. lower than now 11,000 years ago, 70 ft. at 9000, 
50 ft. at 7000, and 25 ft. at 3000. 

Several samples of peat at the bottom of the peat 
section from different parts of the Florida Everglades 
have been dated. They all give ages around 5000 years, 
suggesting that just prior to this the lower peninsula 
of Florida was under water. 

On the California coast steplike terraces are very well 
defined. Since this was the last large geomorphic event 
in the area it was of interest to find out if the lowest, 
last terrace was within 30,000. It apparently is not. 

An entirely different application of the carbon-14 
method can be made in oceanography. The cold water 
at the polar region sinks, moves along the bottom, and 
in a more or less complicated manner makes its way to 
the surface near the equatorial regions. One of the 
most basic parameters of oceanography which affects 
calculations on biological-oxygen economy as well as 
heat flow from the suboceanic crust is the rate of this 
mass ocean turnover. Since the carbon 14 in the car- 
bonate of the polar surface water is in equilibrium 
with the cycle, it has the constant modern value of 
carbon 14 concentration; however, when it leaves the 
surface it is sealed off from the source and hence the 
time since it left the surface, and consequently the rate 
of flow along the bottom, can be measured. 

Two-hundred gallon samples of ocean bottom water 
(2000 to 4000 meters) were obtained, the carbonate 
converted to carbon dioxide, and extracted from the 
water on board ship. Later in the laboratory this 
carbon dioxide was purified, reduced to carbon, and the 
element counted. Some of the data on the first samples 
measured are shown in Table 4. It appears that at 
latitude 50-55° the water is 1500 to 2000 years old. 
This is highly significant and suggests a slower circula- 
tion rate than had been anticipated. Many additional 
samples have been taken on scientific cruises in the 
summer of 1952, including intermediate-depth samples. 
These are in process. As soon as they are dated, a 
reasonably accurate picture of the rates and direction 
of deep ocean movements should be available. 


was similar to crude oil. The problem 
remained as to whether these hydrocarbons had diffused 
up from oil-bearing horizons below or whether they 
really form now. Although the extremely small quanti- 
ties of hydrocarbon available required the development 
of special techniques, it was possible to demonstrate 
that the hydrocarbons were recent geologically and 
thus the problem of the origin of oil becomes the prob- 
lem of accumulation only. 


PROBLEMS 


Several interesting side problems have developed in 
the course of this work. It appears, for example, that 
along coastlines with deep troughs offshore, such as 
along Japan, Peru, the Aleutian arc, and to a less ex- 
tent California, upwelling of the deep ‘‘old” water 
sufficiently reduces the carbon-14 concentration of the 
carbonate so that shells of living animals show apparent 
ages of 1000 to 3000 years. This effect is not observed 
on mid-ocean island beaches or along a coast with a 
broad continental shelf such as the Atlantic. 

It also appears that certain types of lake plants may 
utilize carbonate carbon from the water which in part 
is derived from rock erosion, hence anomalous carbon- 
14 concentrations appear. These, fortunately, are a 
negligible proportion of the plant kingdom. No 
difficulties have been encountered from wood, charcoal, 
or the other more common materials used for dating. 

One of the basic assumptions of the carbon-14 dating 
method is the constancy of cosmic ray flux. The cali- 
bration measurements on historically dated material 
prove that no appreciable change has occurred in the 
last 10,000 to 15,000 years. Further, modern theory 
of cosmic ray origin would suggest that it has been 
essentially constant. However, since the technique 
goes back to 30,000 and since the ice age was drawing to 
a close at just the time our calibrations give out, it was 
important to obtain an independent proof of this as- 
sumption. An experiment was conducted which did 
just this. Highly homogeneous deep sea sediment cores 


were selected. On such a core, one can determine the 
age of any particular layer by the ionium method, by 
measuring the radium content, as a function of depth. 
The ionium method (7) is based on the preferential 
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chemisorption of ionium (thorium 230) by these sedi- 
ments and its subsequent approach to equilibrium and 
hence is independent of the cosmic ray flux. Carbon-14 
dates can be obtained on the carbonate in the same 
cores, but these directly depend on the neutron pro- 
duction in the upper atmosphere from cosmic rays and, 
hence, the cosmic ray flux. Three different cores have 
given the same dates within experimental error for the 
two methods on samples ranging from 5000 to 25,000 
years before the present. It can be concluded that the 
cosmic ray flux, integrated over several centuries, has 
been the same within 10 per cent for the past 30,000 
years. 


FUTURE POSSIBILITIES 


The future possibilities for carbon-14 dating are at 
least as exciting as the past accomplishments, particu- 
larly with regard to advances in technique. While 
the ion chamber can be used to detect carbon-14 activ- 
ity, it offers no improvement in sensitivity over the 
Geiger method. Proportional counting might yield 
several more half-lives with a considerable expenditure 
of effort but severe stability problems would remain. 
Liquid scintillation counting, however, offers a factor 
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of 100 or more in either precision or sensitivity. It 
seems feasible to measure back to 100,000 years ago 
when this technique is developed—or to an accuracy 
of +5 to +10 years, 2000 years ago. This would not 
only vastly extend the application to geological proc- 
esses and archeological detail but would probably 
permit studies of natural isotopic fractionation in the 
carbon cycle. To chemists this fine structure which 
would be revealed would probably present the most 
entrancing problems of all. Global tracer experi- 
ments could be carried out with home-grown carbon-14 
atoms. The possibilities seem almost limitless. 
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@ GERTRUD WOKER 


As nas always been the case, chemistry is still domi- 
nated by men; the top positions are rarely given to 
women. Although this situation is slowly improving 
in America, European women chemists are generally 
passed over, no matter what their qualifications. 
Tradition plays an important part and there is a marked 
reluctance of men, and also many women, to accept 
direction from a woman. Some also believe that there 
is something in the mental makeup of women that 
leads to their being excellent with respect to details 
but is not conducive to the initiation of really new fun- 
damental ideas. Whatever the reason, the proportion 
of women students who seek to make a career in 
chemistry is unduly low; perhaps they are aware of the 
imposed and innate handicaps. Certainly, the record 


shows that extremely few women have attained emi- 
nence in this field. 

Gertrud Johanna Woker was born on December 16, 
1878, at Berne, the capital city of Switzerland. Her 
maternal grandfather and also her father were pro- 


RALPH E. OESPER 
University of Cincinnati, Cincinnati, Ohio 


fessors in the University of Berne; their specialities 
were theology and history, respectively. Consequently 
it was rather surprising that Miss Woker majored in 
chemistry, a choice that was probably due to her 
interest in the chemical bases of life processes. The 
doctorate was conferred in 1903; the dissertation, 
prepared under the direction of Stanislaus von Kon- 
stanecki (1860-1910)', dealt with the synthesis of 
3,4-dioxyflavone. Dr. Woker then obtained a diploma 
authorizing her to teach in the higher schools and 
colleges. However, she decided that more training 
in physical and biochemistry was needed and she en- 
rolled at the University of Berlin, where she heard 
van’t Hoff, Jahn, Thomas, and Thierfelder. 

On her return to Berne she worked in Konstanecki’s 
laboratory and synthesized a-naphthoflavanol, fla- 
vanone, and flavone. Later, at the invitation of Sahli, 
she began to carry out the physico-chemical investiga- 


1 For biographical details see Bystrzycx1, A., Chem. Ztg., 34, 
1261 (1910); Tamsor, J., Ber., 45, 1683 (1912). 
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tions at the Berne medical clinic. Having decided to 
enter university teaching, she habilitated in the philo- 
sophical-science faculty in 1907; the habilitation lec- 
ture (published at Leipzig, 1907) bore the title: ‘“‘Prob- 
leme der katalytischen Forschung.”” This topic to a 
large extent determined her life work. Margosches, 
who was then the editor of the series Die chemische 
Analyse, asked her to take over the section on catalysis. 
The general part of her well-known ‘Die Katalyse— 
Die Rolle der Katalyse in der analytischen Chemie’’ 
appeared in 1910. However, the wide range of the 
subject and the almost inexhaustible effects of catalysis 
with respect to biological actions led in time to the 
publication of three more large volumes dealing with 
special aspects of the theme. The volume on inorganic 
catalysts appeared in 1915; the first half dealing with 
biological catalysts (hydrolyzing ferments) was pub- 
lished in 1924; the second half (respiration ferments) 
in 1931. The Abderhalden‘‘Handbuch der biologischen 
Arbeitsmethoden” contained her ““Methoden zum Stu- 
dium der Wirkung der einzelnen Verdauungssifte’’ 
(1928), which likewise deals largely with catalysis. 

In 1911 she was made director of the small Institut 
fiir physikalisch-chemische Biologie of the University 
of Berne, and thus was given facilities for carrying on 
studies of comprehensive problems. It was but natural 
that she selected biological catalysts as her main points 
of interest. Ferments such as catalase, peroxidase, 
the Schardinger enzyme, and diastase were followed 
eventually by vitamins and hormones. It was found 
(1913-14) that juices of fungi bring about an exceed- 
ingly rapid decomposition of hydrogen peroxide 
with no peroxidase reaction; this finding led to the 
assumption that a secondary peroxide, produced by the 
addition of hydrogen peroxide, acts as the common 
carrier of both the catalase and the peroxidase reaction. 
Its dual action consists, on one hand, in the liberation 
of oxygen to oxidizable substances—for instance, the 
oxidation of chromogens to dyestuffs (peroxidase re- 
action)—and, on the other hand, in the decomposition 
of the hydrogen peroxide that is not consumed in the 
production of the secondary peroxide (catalase reaction). 
Since both reactions live off the same carrier, the more 
rapid reactor is sure to receive the greater portion, 
with the limiting case that if one of the reactions is 
extremely rapid nothing will be left for the other. This 
is true in the fungus catalase. 

Just as a principle that determines catalase and per- 
oxidase reactions can be formed by the addition of 
hydrogen peroxide to one and the same parent sub- 
stance, there is a similar chance for the addition of hy- 
drogen, of the H and OH of water, etc. If the hydrogen 
comes from organic compounds its loss constitutes a 
dehydrogenation of the latter. The hydrogen-binding 
principle consequently has the character of a dehy- 
drase, which, through the addition of hydrogen, is in 
its turn put into the condition, by reversal of its original 
function, of serving as a hydrogen donor. A further 
character can be added to this double nature of the 
oxido-reductase if its hydrogen-binding function is 
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exerted toward hydrogen peroxide. The withdrawal 
of hydrogen from hydrogen peroxide denotes likewise 
liberation of oxygen, and accordingly its fermentative 
carrier must act as a catalase. Since it is intimately 
related to the physiologically important oxido-reduc- 
tions and directs itself against the hydrogen peroxide 
formed with oxygen as acceptor, this catalase has 
physiological standing, in contrast to that represented 
by the secondary peroxide. Its functional counter- 
part, also of biological importance, is presented by the 
sulfur-bearing hormones (insulin), amino acids, cystine, 
methionine, etc., which eliminate hydrogen peroxide 
with little or no evolution of oxygen. 

Among the organic model substances of various 
ferments, which are able to participate as catalysts 
in the foregoing or other reactions (acetaldehyde as 
carrier of the peroxidase reaction of fermentation 
yeasts, formaldehyde, quinone, and others), ascorbic 
acid (vitamin C) showed itself especially capable of 
taking the place, to a large extent, of the Schardinger 
enzyme of raw milk. Therefore, boiled milk with 
added ascorbic acid acts redoxly like raw milk. 

In addition to the reactions based on the formation 
of furfural, ascorbic acid can be determined through 
its reductive actions, such as the production of quinhy- 
drone and the liberation of iodine from iodates. These 
methods were also developed microchemically to reveal 
the localization of ascorbic acid in vegetable tissues. 

The furfural reactions of ascorbic acid led to studies 
of the chromogenic behavior of furfural itself (also of 
numerous aromatic aldehydes) with the active ma- 
terials of steroids and their derivatives, such as ergos- 
terin (provitamin D) and vitamin D (Schaltegger 
method for its quantitative determination), and with 
a number of alkaloids. The reactions of quinone with 
albumin and protein fission products were investigated 
and likewise, with extension of the substrate material, 
the reactions with about 20 amino acids and related 
substances, numerous vitamins, hormones, and alka- 
loids. The biologically important 2-methyl-naph- 
thoquinone (parent substance of vitamin K) and the 
tubercle bacillar quinone phytocol were also included 
in this lengthy series of researches. 

Other studies were undertaken to acquire insight 
into the theoretical aspects of various important vital 
processes such as: the chemical basis of the assimila- 
tion of carbon dioxide; cocarboxylase as intermediate 
catalyst in nerve-muscle exchange; the theory of urea 
formation; ornithin as biocatalyst. On the basis of 
earlier observations in her laboratory that freely mov- 
able infusoria cells assume a spherical shape at the 
height of narcosis—i. e., a form in which the volume 
is minimal and the surface tension maximal—Pro- 
fessor Woker came to the view that the narcosis in 
higher animals is the result of a similar process, in 
which a diminution of the volume leads to a retraction 
of the continuations of the gangliar cells and thus to 
an interruption of the nervous conductance. (This 
theory was confirmed independently at the Institut 
Heger in Brussels by kinematographic studies of nar- 
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cotized cat brains.) Another important observation 
was that the carbonic acid-binding areas of tissues, 
such as frozen sections of thyroid-colloid, can be clearly 
distinguished by their white color, contrasting with 
the yellow of the surrounding areas due to the iodine 
liberated by the nonabsorbed carbonic acid, when they 
are placed in iodate-iodide solution. 

The indexes of the leading biochemical journals 
should be consulted to obtain a complete picture of the 
contributions of this gifted woman. However, she 
has not limited her activities to scientific fields. As 
a citizen of Switzerland, she has had ample opportunity 
to witness the awful effects of war on the world and 
has actively campaigned.for peace, speaking for this 
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cause in many countries, including the U. 8. A. Her 
concept of freedom also includes women’s rights and 
here again she has taken positive steps by her writings 
and speeches. Naturally, she is incensed and perhaps 
ashamed that her own country has not even yet granted 
women the right to vote. She is a potent force in: 
The Women’s International Suffrage Alliance; The 
Women’s International League for Peace and Freedom; 
International Federation of University Women. Her 
“Der kommende Gift und Brandkrieg’”’ (1931) went 
through numerous editions; it was publicly burned in 
Germany during the Hitlerian regime. 

Though she is officially retired, she happily continues 
to work in her laboratory at the University of Berne. 


* AN INTERFEROMETER 


Tue interferometer is the most precise instrument 
available for the measurement of refractive indexes of 
gases, liquids, and solutions. The ordinary commer- 
cial instruments can detect a change in refractive index 
of +1 X 10-7 for liquids and +4 X 10~° for gases. 
There are, at the present time, at least two companies! 
which will supply a Rayleigh type interferometer (/) 
within a period of 6 to 15 months. The construction of 
such an instrument was undertaken at this laboratory. 
The actual construction was not complicated and it was 
realized that other chemists and chemistry teachers 
could make valuable use of such an instrument. 


GENERAL THEORY 


An interferometer, in principal, is an instrument 
which divides a collimated beam of light from a single 
source into two parts by means of two adjacent slits. 
These travel different parallel paths and recombine to 
form vertical straight interference fringes or bands. 
If the optical path of one of these divided interfering 
beams is changed, then there is a sideways shift of the 
whole band system. This shift is observed in a tele- 
scope. The magnitude of this shift is found in terms of 
the number of fringes displaced from the original po- 
sition and can be calibrated (2-5, 54, 74) in terms of the 
respective change in refractive index. Any gas, liquid, 


' Hilger and Watts, Ltd.; U. S. agent is Jarrell-Ash Co., 165 
Newbury St., Boston 16, Mass. Baird Associates, Inc., 33 


University Rd., Cambridge 38, Mass. 
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or solution placed in one of the divided interfering beams 
will change the optical path of that beam and cause 
the fringes to be displaced appreciably. 


USES 


The interferometer then actually detects any change 
in the optical path. This has been adapted by ingeni- 
ous methods to measure lengths (standard meter) 
(6, 7), doublets and fine structure of spectral lines 
(8, 9), and concentration (10, 11) or index of refraction 
of gases, liquids, or solutions (12, 13). The instrument 
should find many uses in different laboratories. It is 
an excellent example of the interference of light for a 
physics or optics laboratory. In a quantitative anal- 
ysis (10, 14) laboratory, once calibrated for KCl so- 
lutions as an example, the instrument could be used in 
reporting concentrations to +0.00015 g./ml. It can 
be used as a precise physical tool or in an instrumental 
course (15). Its greatest use to date has been in biolog- 
ical studies and analyses (16-23). 

There are about 170 entries in Chemical Abstracts 
concerning the interferometer and its uses. Unfor- 
tunately, only about 15 per cent of these are in readily 
available journals. To give an idea of the extended ap- 
plications for which the instrument has been used, a 
partial list is given here. 

The analyses of the following have been carried out: 
smoke (24), nonaqueous solutions (37), flue gas (25), 
beer (26, 27), milk (28), soils (28), colloids (4, 20, 26, 28), 
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river and well water (28, 29), mine air (25, 30-32), 
content of CO» in lungs (33, 34), CO» tension in venous 
blood (pregnancy test) (35, 36), gas mixtures, and gas 
and water purity (29, 37-42). It has been used as an 
interferential galvanometer (43), to measure lengths 
(6, 7, 44), coefficients of thermal expansion of metals 
(43, 45), percentages of peptone in serums in biological 
work (46), in serological studies (47, 48), and in immu- 
nological studies (49). It has been used as a precise 
pressure gage (0-52), to measure wave lengths (8, 53), 
in fermentation rate studies (54), and general kinetic 
rate studies (65-57). These are in addition to its use 
in measuring refractive indexes (58-62). 


DESCRIPTION OF INSTRUMENT 


A description (63) of the train of the interferometer 
will introduce the various parts and their function 
(see Figure 1). This will also indicate the starting 
place and materials required to construct an interfer- 
ometer as well as its operation. 

All the parts herein described were made of aluminum, 
which is inexpensive, light, nontarnishable, and easily 
machined. These were placed on a two-meter optical 
bench consisting of two long parallel rods and three or 
four supports. If such a bench is available with sliding 
supports for lenses, a good share of the project is fin- 
ished. 

For actual measurements, a monochromatic light 
source is needed. The mercury lamp is recommended 
because of its exceptional brightness and the shape of 
its source. A sodium lamp is traditionally used though 
it is not as satisfactory.2 The mercury light source 


Figure l. 


2 However, the great majority of refractive indexes have been 
determined with the sodium light source. 


Schematic Diag 


of Sy 


without a filter produces colored double slit interference 
fringes that are beautiful. An absorption or inter- 
ference filter* is used just before the slit to isolate the 
mercury green line. 

Next, an inexpensive 1'/s-in. condensing lens with a 
6-in. focal length serves well to focus the light on a very 
narrow slit. The slit may be purchased‘ or satisfac- 
torily made by drawing a razor blade with a straight 
edge across a silver mirrored surface. Several attempts 
at making such a slit should be tried and examined with 
the microscope to find the finest and smoothest-edged 
slit. It cannot be too narrow or fine. A good surface 
can be inexpensively made by depositing silver on 
microscope slides. 

A 2-in. achromatic lens of 7-in. focal length collimates 
the light from the narrow vertical slit which then passes 
through a vertical double slit aperture. It is desired 
here to keep the aperture size small and the distance 
between apertures small, as this will give wider fringes. 
The distance between apertures is determined by the 
wall thickness of the cell. Each slit aperture was ap- 
proximately 0.5 mm. These were cut in a thin piece of 
aluminum using a milling tool with a 45-degree angle. 
The result is two parallel vertical beams from a single 
source. When the two beams are brought back to- 
gether they interfere with one another and fringes are 
produced. 

The cells for either gases or liquids may be used. The 
gas cells were made of square aluminum tubing. 


3 An interference filter was obtained from Fish-Schurman 
Corp., 70 Portmand Rd., New Rochelle, N. Y. 

4 Bausch and Lomb Co., Rochester, N. Y. 

5 The Aluminum Company of America (Alcoa) has many sizes 
and shapes available. 
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Interferometer (Gas Cells Disconnected) 


Two pieces, 100 cm. long, are boxed together, the ends 
milled flat, and optical flats cemented to the ends with 
an optical sealing wax or Glyptal. The cells should 
then be tested for leaks. Optically flat glass is very 
inexpensively obtained from war surplus stock’ but 
should be tested to make sure it is flat to a quarter of a 
wave length. A modification is to have four pieces of 
the aluminum, 50 cm. long, boxed together. The cells 
should have inlets and outlets to introduce gases for 
measurement and to enable the cells to be evacuated. 

The liquid cells may be 1 mm. to 10 em. long (see 
Figure 2). These have two compartments divided by 
acenter piece with flat glass cemented to either end. 
The standard liquid can be put in one side and the un- 
known in the other. 


Figure 2. Liquid Cell (2 xX 2 2 cm.) 


The compensating plates (64) consist of two optical 
flats cut from the same piece of glass if possible. These 


Fill each cell with silver nitrate solution and allow to stand 
several hours in a KCI solution. 
YS eee Salvage Co., 101 E. Gloucester Pike, Barrington, 
NJ 


* For procedure to test for flatness see, for example, ref. (67). 


are situated one in each beam and inclined to the beams 
at a 45-degree angle. One is fixed, the other attached 
through a gear reduction system to a dial indicator. A 
large rotation of the dial indicator will result in a small 
(5’ or so) rotation of the flat plate. The rotation of the 
glass flat effectively increases or decreases the amount of 
glass in the light path, and therefore the optical path, 
causing the fringes to shift sideways. Since a solution 
will cause a discontinuous shift, the compensating plates 
can be used to return the fringe system to normal and 
thus either the number of fringes may be counted or 
use made of the dial indicator. If the dial indicator 
were calibrated for a particular solution by plotting 
the various known concentrations versus dial readings, 


End View of Interferometer Showing Dial Indicator 
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€— Lower beam 


Deviation 


Figure 3 


The deviation prism makes the upper and lower fields adjacent in the eyepiece. 


the concentration of an unknown solution could readily 
be found using the graph and the dial reading. 

Next is an achromatic collimating lens, similar to 
the first one, set in reverse which focuses the light on a 
cylindrical lens. This is cylindrical for great magnify- 
ing power in the horizontal direction only and may be 
satisfactorily made from a stirring rod. When the sys- 
tem is in alignment, the fringes are seen in it. 


OPERATION 


The most difficult part of the construction is that of 
making and adjusting the compensating plates. In 
work with gases, these can actually be eliminated, but 


Photograph of Fringes without Deviation Prism 


Top fringes are for reference and the bottom pass through the cell. 


with some loss of accuracy. This is done by counting 
the fringes as they move sideways while the gas is slowly 
allowed to enter the evacuated tubes, and estimating 
any fraction of a fringe. Once the refractive-index 


Photograph of Fringes with Small Cylindrical Lens 


Compensating 
plate 
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change per fringe is known, 
rapid determinations may 
be made, unless the yp. 
known refractive index 
differs greatly from that of 
the standard. In such cases, 
counting the large number 
of fringes is tedious or im. 
possible. There should be 
as little difference as possi. 
ble in refractive indexes of 
the standard and unknown. ‘To give an idea of the ae. 
curacy obtainable, a movement of one whole fringe could 
correspond to roughly +0.0000004 in refractive-index 
change. 

Compensating plates, however, will lead to better 
results, as up to '/s0 of a fringe can be estimated readily 
by an experienced operator, corresponding roughly to 
+(0.000000009 in refractive-index change. If a gas is 
slowly entering an evacuated cell, the number of fringes 
passing by may be counted in the eyepiece; but ifa 
liquid or solution is placed in one of the beams, a dis- 
continuous shift takes place. Compensating plates 
must therefore be used to find the original position of 
the fringes and hence the number of fringes displaced. 

All the fringes with sodium light alternate black and 
yellow. Those with filtered mercury light are green 
and black, while with unfiltered light they are colored, 
the center one appearing black. To find this same 
center fringe, as it is the reference point, a white light 
source is used. There are only roughly 10 to 16 of 
these fringes, since all the various wave lengths of white 
light farther out interfere. This results in a blank 
field, so the same center or reference point can always 
be found. 

The cells are placed in the lower half of the beam only. 
This will leave the upper half of the fringes always un- 
obstructed to serve as a reference. There will now be 
two sets of fringes, the unobstructed upper set and the 
lower set passing through the cell. A deviation prism 
(see Figure 3) will raise this lower beam so the two sets 
of fringes may be set in coincidence (see diagram). 
Actual experience has shown that individual measure- 
ments take a short time, a matter of minutes for a vast 
majority of uses. 

With the essential working parts of the instrument 
described, the other factors necessary for actual pre- 
cise use should be mentioned. The pressure of the gas 
in the gas cells has to be known, as the horizontal shift 
of fringes is dependent on the amount of substance in 
the path. Absolute measurements require that the 
cell length be accurately known. The temperature 
must be known and controlled for both gas and liquid 
cells since the index of refraction varies with tempera- 
ture. The greater the accuracy desired in a refractive 
index, the more carefully the temperature must be con- 
trolled for a refractometer. This is not true of the in- 
terferometer. A conventional constant temperature 
bath is adequate.°® 


Upper beam 


Obstruction 


® However, the temperatures in the separate compartments of 
the cell must both be exactly the same. See ref. (65). 
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REMARKS 

Probably one of the main reasons why the inter- 
ferometer is not in general use is its cost. Also, per- 


haps, less accurate ‘‘standard” instruments (44) will 
sufice for most operations. Except for optical com- 
panies and for physicists whose reasons are more theo- 
retical than practical, there has not been found of recent 
date anyone who has attempted the construction of an 
interferometer. Our experiment proved quite suc- 
cessful and others should find little difficulty in con- 
structing such an instrument. 

An extensive literature search does not yield much 
more than the theory, a simple schematic picture of the 
instrument, what it was used for, and the results ob- 
tained. A description of the actual use of an inter- 
ferometer may be found in readily available chemistry 
hooks (15, 65). At least two books on interferometry 
have been published (7, 66). A more extended dis- 
cussion of the theory can be found in almost any book 
on optics (67, 68), and literature describing their in- 
struments may be obtained directly from Hilger and 
Watts, Ltd., or Baird Associates, Inc. (see footnote 1). 
For an historical approach see references (69, 70, 72). 
Other selected references of theoretical interest to 
chemists are (70-80). 

Once the interferometer is in the hands of a person of 
some ingenuity, the uses to which it can be put will seem 
amazing. It is one of the most precise instruments of 
present times. As more and more uses are found for it 
in kinetic rate studies, analytical determinations, gas 
analysis, purity determinations and biological studies, 
ete., it should become a ‘‘standard”’ instrument of the 
laboratory. 
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* SYSTEMATIC CALCULATION OF IONIC 


EQUILIBRIA 


Wu the treatment of simple ionic equilibria is stand- 
ard in textbooks of physical chemistry, the calculation 
of simultaneous ionic equilibria (except for the succes- 
sive dissociations of weak electrolytes) is seldom dis- 
cussed. If more complicated cases are considered, the 
methods described often become too cumbersome to be 
of any practical value. In order to obtain meaningful 
information about a complex situation (such as the 
equilibrium in an aqueous mixture of ammonium dihy- 
drogen phosphate and ammonium hydrogen tartrate), 
it is usually necessary to adopt stringent methods for 
limiting the amount of work required. Otherwise the 
calculation may become a major mathematical exercise, 
and little more. 

For any chemical mixture of several components one 
can write a very large number of possible chemical reac- 
tions, and, given suitable thermodynamic data, tabulate 
equilibrium constants for them. In practice, of course, 
one considers only those reactions which from the stand- 
point of rate or equilibrium constant have some reason- 
able degree of importance. Among the limited number 
remaining, it will generally happen that one of these, by 
itself, will express the major course of the over-all 
reactions; the others may then be considered as side 
reactions of varying importance. We shall call the 
reaction which by itself expresses the major part of the 
chemical change the Principal Reaction, and refer to it 
frequently below. 

We may also limit the effort involved in solving the 
equilibrium problem by considerations of the inherent 
accuracy of the work. Only a very few equilibrium con- 
stants for ionic reactions are known to one part in 1,000, 
most to a few per cent, and some to no better than 10 
percent. A lack of knowledge of the activity coefficients 
of the ions will often limit still further the accuracy of 
our final answers. Finally, in many cases, one needs 
only an approximate answer; an estimation to 10 per 
cent of the pH of a buffer solution, for example, may be 
more than accurate enough. For all these reasons we 
can invoke mathematical approximations when useful, 
taking care that we do not destroy thereby the internal 
consistency of the calculations. 


METHODS OF CALCULATION 


The methods of calculation described below will con- 
sist essentially of (a) the determination of the Principal 
Reaction; (b) a calculation of the equilibrium expressed 
by this reaction; (c) calculation of the various “side- 
reactions”; and (d) correction, if needed, of the original 
calculation, and calculation of the concentrations of 
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minor species present. Before doing so, it will be de. 
sirable to examine some of the concepts to be used. The 
introduction of activity coefficients will not be examined 
in great detail, since these may be brought in as soon as 
the major ionic concentrations are known, and have 
the effect merely of converting the thermodynamic 
equilibrium constant to concentration units. 

Starting Materials. We shall, in general, choose as 
starting materials (7. e., reactants) those substances 
which would be expected to be present in major propor- 
tions immediately after solution. For strong electro- 
lytes, these will usually be the primary ions; for weak 
electrolytes the undissociated material; and in all cases, 
water. Sometimes there will be an immediate reaction 
which goes substantially to completion; if this occurs, 
we shall consider the products of this reaction as our 
starting materials. Such reactions might be neutraliza- 
tion (as in the mixing of strong acid and strong base), 
replacement (as in the addition of a strong acid to the 
salt of a weak one), or complete hydrolysis (as in the 
solution of (NH,4)3P0,). 

Types of Reaction. The problems of equilibrium cal- 
culation are greatly eased by the choice of appropriate 
reactions to express the possible equilibria. We may 
classify these reactions (for convenience) into several 
distinct types. 

(a) Dissociation of acid, base, or water, with 
equilibrium constants K,, K,, and K,. Where succes- 
sive dissociations occur, we shall designate the constants 
Ka, Kay, ete., with the subscript 1 referring to the pri- 
mary dissociation. 

(b) Neutralization of weak acids and bases and its 
reverse, hydrolysis. Taking as examples NH,OH and 
HCN, we may write for the neutralization 


NH,OH + HCN — NH,t + CN- + HO 
The equilibrium constant for this reaction is given by 
Kn, = 
For the reverse reaction, hydrolysis, we may write 
Kn = 
If we adopt the artifice of calling the dissociation con- 


stant of a strong acid or base unity, we may write 
general expressions 


= K.Ki/Kw and Ki = 
(c) Displacement of hydrogen or hydroxide ion from 


one weak acid or base by another. If we add acetic 
acid (HAc) to KCN solution the net reaction is: 
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HAc + CN- HCN + Ac~ Ka = Kyac/Kucn 


or more generally 
HA + X- > HX + A- Ka = Ka/Kz 


A particularly interesting and useful form of this reac- 
tion occurs when the species on the left are identical, as: 


HA- + HA~ > H2A + Ka = Ka,/Ka 


For example, in NaHCO; solutions, the major reaction 
is 
HCO-; + HCO;- H.CO; + 


where K,, and K,, above refer to the first and second 
dissociation constants of carbonic acid. 

We shall frequently find that reactions of type (b) or 
(c) are more convenient to use than a chemically equiva- 
lent set of simple dissociation reactions. 

Conditions Necessary for Solution of the Equilibrium 
Problem: The equilibrium constants alone will not 
provide sufficient information for a complete solution of 
our problems. The additional data may be obtained 
from two types of conditions. These are: (1) One or 
more equations expressing the fact that the mass of the 
system remains constant (balance of mass). (2) An 
equation expressing the electrical neutrality of the solu- 
tion (balance of charge). We may illustrate these con- 
ditions by application to the dissociation of an acid 
HA, of initial concentration C. In this case we have five 
unknown concentrations—|H2A], [HA~], [A~ —], [H*] 
and [OH~]—and only three independent equilibrium 
constants K,,, K,,, and K,. The two additional equa- 
tions required for the solution are: 


+ [HA~] + [A7-] (1) 
and 
[HA~] + + = [H*] (2) 


Equation (1) expresses the fact that the total amount of 
the atom or Group A cannot change. Equation (2) 
states that the solution must remain neutral, 7. e., that 
the total concentration of negative charge must equal 
the total concentration of positive charge. In doing 
this, as indicated, each ion concentration must be 
multiplied by the size of the ion charge; e. g., the con- 
centration of a doubly charged ion must be doubled. 
(Note that equation (2) is unique, whereas equation (1) 
might be expressed in alternate forms, as might the 
equilibrium constants. ) 

Choice of the Principal Reaction: To choose the proper 
Principal Reaction, we must list (mentally at least) all 
possible equilibria whose reactants involve only our 
starting materials, together with their equilibrium con- 
stants. Unless the original concentrations of the 
various starting materials differ greatly, the Principal 
Reaction will be the one with the largest constant. In 
any event, a rapid calculation will enable us to choose 
properly. Ordinarily one of the possible reactions will 
have a constant greater by several orders of magnitude 
than all others. 

It is most important, however, to consider at the out- 
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set only reactions involving our starting materials, 
since only such a reaction can express the gross stoichi- 
ometry of the over-all chemical change. 

Calculation of the Equilibria: The steps in calculation 
will be as follows: 

(a) Choose the Principal Reaction. 

(b) Calculate the major concentrations in the solu- 
tion as if this were the only reaction, using suitable sim- 
plified relationships for balance of mass and charge. 

(c) Calculate the remaining concentrations by use 
of any convenient set of equilibrium constants. 

(d) As a second approximation, repeat the calcula- 
tion (b), substituting into the mass and charge condi- 
tions (as constants) the minor concentrations obtained 
in (c). 

(e) Repeat step (c). 

(f) In rare cases additional approximations may be 
required. 

(g) As a check on algebra, verify the fact that all 
equilibrium constants and other conditions are satisfied 
to sufficient accuracy by the final answers. 

Step (a) is in fact the critical one. If difficulty is en- 
countered further on, this usually means that the orig- 
inal reaction chosen was not the principal one. 


EXAMPLES 
The hydrolysis of 0.1 M NH;CN: 
Kyucn = 7 X 107"; Kyu,ou = 18 K, = 10-™ 


The starting materials are NH,+, CN~-, and H,0. 
The possible reactions are: 


NH,+ + H,O NH,OH + H* kK, = 5.5 X 107" (1) 
CN- + ~ HCN + = 1.4 X 10 (2) 
NH,* + CN- + —> 

NH,OH + HCN K; = 0.79 (3) 
H.0 — H+ + = 10744 (4) 


Equation (3) obviously represents the Principal Reac- 
tion. 

A case involving two competing equilibria—0.01 M 
NH,HCO;: For ammonium bicarbonate, we may write 
six reactions involving the starting materials, of which 
two are significant. Taking 

Ka = 4.5 X 107; Ke, = 5.6 X 107" 
and other constants as before: 
NH,* + HCO;~ + 

NH,OH + H,CO; K, = 1.23 X 107? (1) 
2HCO;~ H.CO; + Ke = 1.24 (2) 

Considering (1) as the Principal Reaction, we obtain 
as our first approximation: 

[NH,OH] = [H:CO;] = 3.42 X 1074 
and 
[NH,*] = [HCO;~] = 0.00966 
By use of the other constants, we obtain 
[CO;-—-] = 3.4 X 

which is not negligible compared to [H:COs;] although 
[H+] and [OH~] are. 

To begin our second approximation, we temporarily 
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fix [CO;~-~] at the value calculated above. Then, the 
relation for electrical neutrality, neglecting the very 
small concentrations of H+ and OH-, is 


(NH,*+] = [HCO;—] + 2[(CO;-~] = [HCO;~] + 6.8 10-5 
In addition, from a mass balance on CO; and NH, 


[H,CO;] + [HCO;~] + [CO;~~] = 
+ [HCO;~] + 3.4 1075 


= 0.01 
and 
[NH,OH] + [NH,*] = 0.01 
Then, if we set [NH,OH] = 2, successive application of 
the three equations above yield 


= 0.01 — {HCO;~] = 0.00993 — x 


Substituting these expressions into (1), and solving for 
other concentrations as before, we obtain: 


[NH,OH] = 3.19 X {HCO;~] = 9.61 
{[H.CO;] = 3.59 = 6 X 107 


= 3.6 xX 10-5 


These results are as precise as our bitin of the 
equilibrium constants justifies. 

A Mixture 1 M in ammonium dihydrogen phosphate 
and ammonium hydrogen tartrate: For H;POx,, take: 


= 7.5 x 10-3 => 6.2 x 10-5 K; => 10 “12 
For tartaric acid (H.Ta), 
K, = 9.7 X 10-4 4X 10- 


In this case we may write 12 reactions, of which two are 
of major importance: 


2HTa~ Ta~~ + K, = 4.1 X 107? (1) 
HTa~ + H.PO,~ — H;PO, + Ta~~ K: = 5.3 X 107? (2) 


From equation (1), neglecting all else, we obtain 


([Ta~~] = 0.145 = [H.Ta] 
{HTa~] = 0.71 


By subsequent use of (2), we get 


{H;PO,] = 2.54 X 107? 
=0.975 


The only other concentration above 10~* is that of NH4* 
(2.00 M). 

If we now substitute in the equation for electrical 
neutrality the values for [NH,*] and [H.PO,~], we get: 


{HTa~] + 2/Ta~~] = 1.025 

Setting [Ta~~—] = 2, 

{[HTa~] = 1.025 — 2z 
From a mass balance on tartrate, 

{H:Ta] = x — 0.025 
Substitution of the new expressions into A, and solution 
of the quadratic gives 
[Ta-—] = 0.157 {H.Ta] = 0.132’ = 0.711 


From K; and the dissociation constants of the two acids, 
we may evaluate the remaining concentrations. 
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| HsPO4] = 0.0235 | NH,+]=2.00 
|H,.PO,~] = 0.976 [NH,OH] = 6.2 X 10-6 
|HPO,~~] = 0.0003 {H*] = 1.80 10-4 
[OH~] = 5.55 & 10-8 


It may readily be shown that these concentrations fit 
all relationships to within the accuracy which they are 
given. 

The Introduction of Activity Coefficients. In actual 
fact we are not justified in recording most of the con- 
centrations to the precision given, since we have not in- 
troduced activity coefficients into the calculation. For 
mixed electrolytes at high concentrations, such as in the 
last example, we are unlikely to have knowledge of the 
activity coefficients or any way to estimate them ae. 
curately. This may introduce errors of many per cent 
in some of the concentrations. If the concentration is 
low, as in the second example, or if we have a simple 
species, as in the first, we may be able to get good actiy- 
ity coefficients. 

Measured activity coefficients may be introduced 
wherever convenient. Coefficients estimated from the 
Debye-Hiickel theory can be caleulated only after we 
have some knowledge of the ionic strength; this is us- 
ually after we have made a preliminary calculation. 
In the second example given, the first approximate 
calculation indicates that the ionic strength of the solu- 
tion is about 9.7 K 10-* M, at which we may estimate 
the activity coefficients of the univalent ions as about 
0.90. Wemay then introduce these activity coefficients 
into the second calculation. In the case in point, this 
reduces the calculated concentrations of NH,OH, 
H.CO;, and H* by about 10 per cent without changing 
materially the larger concentrations. The use of activ- 
ity coefficients may require additional mathematics, 
since it may be necessary to adjust the values of these 
coefficients if the calculated ionic strength changes ap- 
preciably on their introduction. 


REMARKS 


It is not suggested that the methods given above will 
always be the most convenient ones, since in many 
equilibrium problems it is possible to find specific short- 
cuts to the information desired. In the more complex 
applications of these methods it is often possible to pro- 
ceed after the first step in a variety of ways, some much 
more convenient than others. It is believed that. these 
methods are quite general in their applications to com- 
plex situations, that they will ordinarily supply complete 
information about the solution considered with remark- 
ably little effort, and that barring mathematical errors 
they can never give appreciably incorrect answers. 
With experience it is possible to adapt the methods as 
needed for the greatest efficiency. The examples above 
have hinted at some of the ways of doing this. 

It should be pointed out that although the methods 
have been described entirely in terms of ionic equilibria, 
the same techniques are equally applicable to any situa- 
tion in which two or more reactions are at equilibrium 
simultaneously. 
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& THE NATURE OF IRON(III) THIOCYANATE IN 


SOLUTION” ’ 


A:rnoven the existence of a distinctive color reaction 
between iron(IIT) and thiocyanate ions has been rec- 
ognized and made use of for at least 125 years (/), the 
first investigation into the nature of the products formed 
in this interaction did not appear until 1931 (2). 
Since that time a number of additional reports have 
been published, but there has been no concordance in 
conclusions as to the nature of the species present in 
solutions of iron(III) thiocyanate. As a consequence, 
many chemists consider that some doubt exists con- 
cerning the formula(s) to be assigned to the red color 
in these solutions. Thus, in the 1952 editions of three 
standard, widely used texts, one finds the following di- 
verse statements regarding iron(III) thiocyanate: 

The red-colored compound has been given various formulas, 
Fe(CNS).~~~, Fe(CNS);, Fe(CNS)2*, and Fe(CNS)+*. The 
last formula is supported by the work of Bent and others [(3)]. 

The exact nature of the ferric thiocyanate complex is still 
something of a mystery. When one considers a number of other 
well-known properties of ferric iron, it might be thought that the 
complex is Fe(CNS).5~ As late as the year 1949, however, 
the question was still considered unsettled by various writers in 
chemical literature [(4)]. 

More than one product can be formed when thiocyanate reacts 
with ferric ion. Depending upon the thiocyanate concentration 
aseries of complexes represented by Fe(CNS),*°—*", where n = 1, 
... 6, can be obtained [(5)]. 


It is the purpose of this paper to examine all the avail- 
able evidence on the nature of iron(III) thiocyanate. 
The reasons for the divergent conclusions of various 
authors are discussed, and ambiguities and inconsist- 
encies in the data are pointed out. 

These considerations will be shown to lead to the con- 
clusion that all the available evidence can be satisfac- 
torily correlated on the basis that the interaction be- 
tween Fe+++ and SCN ~ consists of the following series 
of equilibria: 


Fet+++ + SCN- = FeSCNtt (1) 
FeSCN++ + SCN- = Fe(SCN).*+ (2) 
Fe(SCN)2+ + SCN~ Fe(SCN); [or !/2 Feox(SCN )¢] (3) 
Fe(SCN); + SCN- = Fe(SCN),— (4) 

and probably also: 
Fe(SCN),- + SCN- = Fe(SCN)s~~ (5) 
Fe(SCN);~- + SCN- = Fe(SCN).——~ (6) 


1 Based upon a portion of the M.S. thesis submitted by R. 8. W. 
to the Graduate School, New York University. 

? Presented at the 122nd Meeting of the American Chemical 
Society, Atlantic Citv, New Jersey, September 15, 1952. 
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The existing data can be classified as spectroscopic, 
migration, conductometric, ion exchange, and extrac- 
tion. The following discussion is organized chrono- 
logically within these categories. 


SPECTROSCOPY 


As early as 1890, quantitative measurements of the 
absorption of light by iron(III) thiocyanate solutions 
showed that this system does not follow the Beer-Lam- 
bert-Bouguer absorption law, log (Jo/J) = eLe (6). 
This was interpreted as showing that iron(III) thio- 
cyanate, assumed to be Fe(SCN);, must be appreciably 
dissociated into its component ions in solution. 

The first modern spectral study of the constitution 
of the species present in iron(III) thiocyanate solutions 
was published in 1931 by Schlesinger and Van Valken- 
burgh (2), who measured the light absorption of aqueous 
solutions made up from solid Fe(SCN); and Na3Fe- 
(SCN), and of anhydrous ether solutions of Fe(SCN)s. 
They concluded that the main features of the several 
spectra were sufficiently similar to establish that the 
same absorbing species must be responsible for the color 
in all cases. This conclusion was based upon the im- 
plicit assumption that the absorption spectrum af, for 
example, FeSCN++ would be qualitatively different 
from that of, say, Fe(SCN);. If, however, the spectra 
of these species are similar in main features and differ 
only in the positions and relative intensities of the 
absorption maxima, then the conclusions of these au- 
thors would be inadmissible—particularly in view of the 
fact that the instrumental technique available to them 
did not permit the location of the absorption maxima to 
closer than +30 mu. 

The work of subsequent investigators, discussed be- 
low, has indeed shown that the absorption spectra of 
FeSCN++, Fe(SCN).+, ete., are similar in main fea- 
tures, differing principally with respect to a progressive 
displacement of the absorption maximum toward 
longer wave lengths as the proportion of thiocyanate 
increases. 

On the basis of the assumption of identity of absorb- 
ing species in their solutions, Schlesinger and Van 
Valkenburgh deduced that the red color of iron(III) 
thiocyanate is due to Fe(SCN}.~~~, which in ether 
would combine with Fe+++ to form Fe[Fe(SCN)6«]. 
Molecular weight measurements in ether did seem to 
support the latter formulation; in addition, migration 
experiments in aqueous solution, discussed below, were 
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asserted to show that the red color moves toward the 
positive electrode. 

Therefore, between 1931 and 1941 it was generally 
accepted that iron(III) thiocyanate exists in aqueous 
solution principally as a complex ion having the for- 
mula Fe(SCN),.~~~. 

The next spectral investigation to be reported was 
that of von Kiss, Abraham, and Hegediis in 1940 (7), 
who found that a marked shift in the wave length of 
the absorption maximum toward the red and an increase 
in extinction coefficients were produced by the addition 
of an excess of KSCN. They concluded, in the light 
of the work of Schlesinger and Van Valkenburgh, that 
with excess SCN~ the principal absorbing species is 
Fe(SCN)s~~~, but that the molecule Fe(SCN)3 or 
Fe[Fe(SCN).] predominates in the absence of excess 
SCN-. 


—2.10 


—2.35 
— 0.80 —0.75 —0.70 — 0.65 —0.60 —0.55 
Log D 
Figure 1. Investigation of Bent and French (8) 
The concentration of SCN ~ is constant, while Fe*+** is varied. The 


circles are experimental points; the dotted lines are calculated for Fe *** 
to SCN ~ ratios of !/:, 1, 2, and 3, respectively. 


In 1941 the papers of Bent and French (8) and Ed- 
monds and Birnbaum (9) appeared, in which strong 
evidence was presented for the existence of FeSCN+* 
in iron(IITI) thiocyanate solutions. The former showed 
that if only one equilibrium exists in a system, the slope 
of the plot of the logarithm of the optical density versus 
log [Fe+++] would give the number of ferric ions in the 
complex, and analogously for the thiocyanate ion. 
Their data are reproduced in Figures 1 and 2. 

The data show that when Fe+++ is in excess (Figure 
1), the only absorbing species is FeSCN++ at all 
concentrations of Fe++* (up to0.01 M). On the other 
hand, for [Fe++*], = 0.003582 M the principal ab- 
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Figure 2. Investigation of Bent and French (8) 


[Fe *+**]o is constant at 0.003582 M, [HCl] = 0.011 M, ionic strength = 
0.665, [SCN~]o is varied. The circles are experimental points; the dotted 
lines are calculated for SCN ~ to Fe +** ratios of 1/s, 1, 2, and 3, respectively. 


sorbing species is FeSCN++ at low concentrations of 
SCN~-, but as [SCN~]) grows, one or more higher com- 
plexes may be coming into the picture. This qualita- 
tive difference between solutions containing an excess 
of Fe+++ and those in which SCN ~ is in excess also is 
evident in the data of Frank and Oswalt (see below). 

Edmonds and Birnbaum tried to fit their spectral 
data to equations based upon the assumption of a single 
equilibrium: 


A + nB = AB, (7) 


and found the best fit for ~ = 1. In addition, they 
presented the graph reproduced in Figure 3, in which 
it appears that for the concentration range studied the 
transmission of iron(III) thiocyanate solutions depends 
only on the total concentration, (a + 6), and not upon 
which ion is in excess. Thus, according to these data, 
a solution in which [Fe+++]) = 0.002 M and [SCN~} 
= 0.064 M has the same transmission as one in which 
the concentrations are reversed. Such a situation 
could exist only if there is a single reaction product, 
and it isa 1:1 adduct; namely, FeSCN++. 

Although the main conclusion of Edmonds and Birn- 
baum that FeSCN++ predominates in their solutions 
is in good agreement with: the results of Bent and 
French, and of all the subsequent investigations de- 
scribed below, their result that this is the only signifi- 
cant constituent even at [SCN-]) = 0.064 M is in 
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quantitative disagreement with the results of several of 
these investigations. In the light of the data discussed 
below, it would appear probable that some of the data 
in Figure 3, perhaps only those applying to the higher 
concentrations of thiocvanate, are in error. 


90 } 


% 


Transmission, 


8 32 128 512 
M X 106 


Figure 3. Transmission of Iron (III) Thiocyanate Solutions According 
to Edmonds and Birnbaum (9) 


The circles indicate [SCN~] and triangles [Fe+*+*+] when the other ion 
concentration is 0.0005 M for the upper curve, 0.001 M for the middle 
curve, and 0.002 M for the lower curve. 


One of the most generally useful methods of eluci- 
dating equilibria of the kind under consideration here 
is the method of continuous variations, described by 
Job (10). It can be shown that for an equilibrium like 
that of equation (7), dmax, the initial concentration of 
A that yields a maximum concentration of AB,, is re- 
lated to n by the equation: 

(8) 
where M is the constant, total concentration of the sys- 
tem. In the case of iron(III) thiocyanate, the optical 
density of the solution (proportional to AB,) is meas- 
ured while [Fe+++]) (a) and [SCN~]) (A/-a) are 
varied. 

Gould and Vosburgh (11), applying this technique toa 
system in which [Fe+++], + [SCN-] = 0.02 M, 
stated that “there is no indication of the existence of 
any other compound [than FeSCN++] under these 
conditions.” This is in accord with the results of 
Edmonds and Birnbaum, but in quantitative disagree- 
ment with the data of Babko, and Frank and Oswalt, 
discussed below, which indicate that Fe(SCN)2* is 
present in appreciable concentrations even under the 
conditions of Gould and Vosburgh. 

Babko (12) also applied continuous variations to 
the study of iron(III) thiocyanate, and some of his 
results are reproduced in Figure 4. ; 
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It will be noted that for a total concentration of 0.001 
M, the maximum occurs at 0.5 mole fraction Fe+**, 
corresponding to n = 1 in equation (8). For a total 
concentration of 0.01 M, n = 1.3; and when the total 
concentration is 0.1 M, n = 2.0. The progressive 
growth of n would be a consequence of the increasing 
proportion of one or more higher complexes with in- 
crease in concentration. 

The general trend of these data is substantiated by 
the work of Polchlopek and Smith (13), who, also using 
continuous variations, found n = 1.5 when [Fe+++]) + 
[SCN~]o = 0.1 M; n = 2.3 when [Fe+++]) + [SCN~]o 
= 1M; andn = 3.7 when [Fe+++]} + [SCN] = 
2 M. These authors state, ‘. ..definite evidence for 
higher complexes is found even at concentrations no 
higher than a few hundredths molar.” 

The same conclusion follows from the work of Frank 
and Oswalt (14) who, in 1947, published the results of 
another type of equilibrium study. They showed that 
for an equilibrium A + B = AB, if the initial concen- 
trations a and b of the reactants are small, a plot of 
ab/D versus a + b, where D is the optical density, 
should give a straight line. Figure 5 is the graph of 
their data, plotted in this way. The upper curve cor- 
responds to [SCN ~]o = 0.00030 .V/, and increasing con- 
centrations of Fe*+++* (from 0.001 to 0.008 M); the 
lower curve to [Fe++*])> = 0.00030 /, and increasing 
concentrations of SCN~. It is clear from the figure 
that at total concentrations greater than about 0.004 
M, an excess of SCN~ leads to a higher optical density 
than the same excess of Fe++*. Thus, the upper curve 
shows that when Fet+** is in excess there is only one 
equilibrium involved; namely, the one leading to the 
formation of FeSCN+*+. When SCN- is in excess, 
even at as low total concentrations as 0.004 M, the 
presence of Fe(SCN)2+ becomes evident. 

In 1950 Harvey and Manning published still another 
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Figure 4. Continuous Variations Study by Babko (/2) 


The total concentrations are: Curve A, 0.1 M; B, 0.01 M; C, 0.004 M; 
D, 0.002 M; E, 0.001 M. 
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approach to the study of mobile equilibria (/5). They 
pointed out that for an equilibrium mA + nB = A,,B,, 
the ratio of the slopes of the optical density-concentra- 
tion curves for the cases of (1) large excess of B, varying 
concentrations of A, and (2) large excess of A, varying 
concentrations of B, equals n/m. They applied this 
approach to iron(III) thiocyanate, found the ratio of 
the slopes to be 1.09/1, and concluded in favor of 
FeSCN++. However, this procedure is based upon 
the assumption of a single equilibrium, and is not adapt- 
able to a system of simultaneous equilibria. It can be 
shown that the existence of higher complexes than 1:1 
is not excluded by a slope ratio close to unity if the 
extinction coefficients of the several species are not 
very different at the wave length of the measurements. 


4 
34 
>? 
1 
0.001 0.005 0.010 
a+b 
i Figure 5. Investigation of Frank and Oswalt (/4) 


For the upper curve, [SCN ~]o is constant at 0.00030 M; for the lower 
curve, [Fe*+*+*]o is kept at 0.00030 M. a and 6 are initial concentrations of 
Fe*** and SCN -, D is optical density. 


The spectral evidence may be summarized as follows. 
The existence of FeSCN+* is firmly established by the 
work of Bent and French, Edmonds and Birnbaum, 
Gould and Vosburgh, Babko, Frank and Oswalt, Polch- 
lopek and Smith, and Harvey and Manning. The exist- 
ence of at least one higher complex is established by the 
work of von Kiss, Abraham, and Hegediis, Bent and 
French, Babko, Frank and Oswalt, and Polchlopek and 
Smith. The existence of more than one higher complex 
is indicated in the work of Polchlopek and Smith. 
Thus, taking into account only the evidence provided 
by absorption spectra, we may say that of the equi- 
libria (1) to (6), (1) is definitely proved, (2) is almost as 
convincingly established, and (3) very probably also is 
important at large SCN~ concentrations. 


CONDUCTOMETRY 


There have been three conductometric investigations 
of iron(III) thiocyanate; that of Mgller in 1937 (/6), 
Ricca and Faraone in 1946 (17), and Uri in 1947 (78). 
All agree in qualitative respects, providing evidence for 
the existence of FeSCN*++ at low concentrations of 
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thiocyanate, and in addition at least one, and perhaps 
more than one, higher complex at larger concentrations, 
These conductance measurements are not, however, 
capable of furnishing as sensitive a quantitative esti. 
mate of the relative stabilities of the several species as 
the spectrophotometric measurements discussed jn 
the previous section. The kind of data obtained and 
the interpretations made may be illustrated by reference 
to the work of Ricca and Faraone. 

The conductance of iron(II) ion is found to be 138 
ohm~', and that of the thiocyanate ion is 70 ohm, 
Upon adding one SCN ~ to one Fe*+**, the conductance 
would become 138 + 70 = 208, but if the ion FeSCN++ 
is formed, and if it is assumed that this ion has a con 
ductance about equal to two-thirds that of the triply- 
charged ferric ion, the total conductance would be 
92 ohm~'. Thus, the difference between the conduct- 
ance calculated assuming no combination, and the 
conductance assuming complete combination would be 
approximately 116 ohm~!. Similarly, the conductance 
difference for the formation of Fe(SCN)2+ would be 
232, and for Fe(SCN); it would be 348 ohm. Ricea 
and Faraone found that with 0.004 1 FeCl; and 0.01 
M NH,SCN the conductance difference is about 100 
ohm~—!, and with increasing thiocyanate concentration, 
the difference increases until it is approximately 200 
at 0.1 NHiSCN. Hence, it is concluded that 
at 0.01 SCN-, the ion FeSCN*+* predominates, and 
with increasing SCN~ concentration Fe(SCN).* and 
perhaps also Fe(SCN); become important. 

Since this reasoning involves unverifiable assump- 
tions concerning the conductance of the complex ions, 
the data cannot be relied upon in quantitative re- 
spects. However, the order of magnitude of the 
conductance differences would seem to establish the 
existence of FeSCN ++ and Fe(SCN)2* with reasonable 
certainty. Moreover, it is significant that the same 
result obtained is from absorption spectra data. 


IONIC MIGRATION 

The first migration experiments were carried out in 
1931 by Schlesinger and Van Valkenburgh (2) who gave 
no details, reporting only that, 

“. . . electrolysis of aqueous solutions of ferric thiocyanate 
causes the red color to migrate toward the anode, while ferric 
ions pass toward the cathode.” 


In 1941, Bent and French (8) performed migration stud- 
ies in an attempt to confirm the existence of FeSCN** 
which they had deduced from spectral data. They 
found that with their solutions, 


“. . a potential gradient of about 1 volt/em. was found to 
give rise to a slight movement of color across the boundary in 
the direction of the cathode, but no appreciable movement toward 
the anode.” 


These statements prompted Schlesinger to repeat and 
to publish the details of his migration experiments 
(19). It was reported, for example, that with 0.1 


N Fe.(SO,)3 or Fe(NO;); and 4.0 N KSCN, under a 
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potential gradient of 0.5 volt/em., one colored bound- 
ary advanced 1.5 to 2.0 mm. toward the positive 
electrode in ten minutes, and the other boundary re- 
ceded 1.0 to 1.5 mm. from the negative electrode. 

It will be noted that in Schlesinger’s experiments the 
concentration of SCN~ was very high; whereas in the 
work of Bent and French it was probably low. The 
apparent contradiction between these results may, 
therefore, be explained as due to the presence of Fe- 
SCN++ and Fe(SCN):+ when [SCN~] is small, and of 
some anion such as Fe(SCN),;~, or Fe(SCN);~~, or Fe- 
(SCN)s~~~, When [SCN~] is large. This was, indeed, 
demonstrated by the migration experiments of Babko 
(12), who showed that in solutions containing 0.002 
Fe+++, the color moves toward the cathode when the 
SCN ~ concentration is in the range 0.01 to0.02 1; when 
[SCN~] is between 0.05 and 0.1 W, the action of the 
colored layer is indefinite, leading to blurred bound- 
aries; and between 0.2 and 0.4 .M [SCN~] the motion 
is distinctly toward the anode. 

The migration experiments appear, therefore, to 
show conclusively that iron(III) thiocyanate may ex- 
ist as a cation or cations in the presence of low thio- 
cyanate concentrations, and as an anion or anions when 
the thiocyanate concentration is large. 


EXTRACTION 


The extractability by ether and other organic sol- 
vents of the red color due to iron(III) thiocyanate was 
described as early as 1856 by Claus (20), and has served 
as the basis of several procedures for the colorimetric 
estimation of iron (27). It was pointed out by Durand 
and Bailey (22) in 1923 that the red color is not ex- 
tractable unless there is an excess of SCN~. This was 
confirmed by Peters and French (23), who showed that 
with 1 part per million of Fe++* in 0.01 N HCl, the 
color does not begin to be extracted by ether until the 
ratio of SCN~ to Fe+*+*+ reaches 464 to 1. Further- 
more, mixing an aqueous solution of FeCl; with an ether 
solution saturated with iron(III) thiocyanate results in 
the complete decoloration of the organic phase (17). 
From these facts it follows that molecular iron(ITI) 
thiocyanate must exist in solution, its concentration 
becoming significant, however, only in the presence of 
a large excess of thiocyanate. 

Molecular weight determinations by Schlesinger and 
VanValkenburgh (2) in anhydrous ether and benzene 
showed the formula to be Fe:(SCN)¢ in these solvents. 
This may also be the structure of molecular iron(III) 
thiocyanate in aqueous solution, although there is no 
direct evidence on that score. 


MISCELLANEOUS 


Another type of experimentation that casts some light 
on the nature of iron(III) thiocyanate is the rate of 
dialysis (7. e., rate of diffusion) work of Brintzinger and 
Ratanarat (24). These investigators determined the 


effective ionie weight of a series of complex ions by 
comparing the rate of dialysis of the ion with the rate 
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of a reference ion. For many ions, weights were ob- 
tained in good agreement with the formulas established 
by other methods. For 0.05 M Fet*++ in 2.0 N 
KSCN they found an ionic weight of 388. The weight 
of Fe (SCN).~~~ would be 404. (It will be noted that 
those concentrations are very close to those used in 
Schlesinger’s migration experiments, in which one or 
more anionic species were also found.) 

Additional proof of the existence of anionic iron(II) 
thiocyanate is provided by the work of Teicher and 
Gordon (25), who showed that if [Fe+*+*] is 0.0004 to 
0.0008 WZ, [NHySCN] is 1.5 M, and pH is 1, the iron 
(IIT) can be removed quantitatively from the solution 
by means of the anion exchange resin Amberlite IRA- 
400A. If the [SCN~] is less than 0.5 M, however, 
some iron passes through the column. 

Finally there should be mentioned the exchange ex- 
periments of Haenny and Wikler (26), who found that 
the exchange between labeled Fe+*+* and iron(III) 
thiocyanate is rapid and complete, showing that what- 
ever equilibria exist between Fe+*++ and SCN~ are 
mobile and rapidly established. 


CONCLUSIONS 


The insight which the preceding discussion has pro- 
vided into the nature of iron(III) thiocyanate solutions 
may be summarized by reference to the equilibria (1) 
to (6). Equations (1) and (2) are well established from 
the spectral and conductometric investigations, (3) from 
the extraction studies with organic solvents, (4) and 
perhaps (5) and (6) from the migration, ion exchange, 
and dialysis experiments. 

Some questions still remain to be answered: 

(1) Are equilibria (5) and (6) significant at acces- 
sible thiocyanate concentrations? 

(2) What are the equilibrium constants of (2) to 
(6)? To date only the value of the constant of equa- 
tion (1) has been measured. 

(3) What is the structure of molecular iron(IIT) 
thiocyanate in aqueous solution? 
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Havine concluded that Beer used amount (not con- 
centration) of absorbing material in the law often called 
by his name,' we now wish to suggest that this law be 
formulated in terms of the number of absorbing centers, 
which is proportional in the simplest case to the amount 
of the sample containing the absorbing material. 
Although the suggestion represents a welcome return 
to Beer’s point of view, it is not made as a matter of 
historical pedantry. The fact is that concentration 
has become far too restrictive a variable for the needs 
of modern analytical chemistry.? A brief summary of 
experience gained in this laboratory will suffice to make 
this clear. 

Over 15 years ago, it was discovered that hafnium 
or zirconium in macrogram amounts could be deter- 
mined spectrophotometrically in a non-homogeneous 
system comprising a hydroxyanthraquinone lake sus- 
pended in the solution of the dye in ethyl alcohol.* * * 
Surprisingly enough, Beer’s law was obeyed reasonably 
well. Some years later the rate of pitting of stainless 
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* BEER‘S LAW IN ANALYTICAL CHEMISTRY 
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steel was measured radiographically.* Here the depth 
of the pit, which depends upon the amount of metal 
removed, was obtained by densitometering a negative. 
At about the same time, it proved possible to place 
the a-benzoin oxime spot test for copper on a quantita- 
tive basis.?. This could be done because the absorb- 
ance (but not the reflectance) of such spots as meas- 
ured on a General Electric recording spectrophoton- 
eter* was proportional to the amount of copper pres 
ent. More recently, the study of analytical methods 
based upon X-ray absorption has involved samples in 
each state of matter.* !° Here each atom or ion must 
be regarded as an absorbing center, and mass (not con- 
centration) of absorbing material has always been 
recognized as a logical variable. The table shows the 
diversity of these various analytical methods. 
Comments on definitions and related matters are in 
order here. Absorbance is logio Jo/J, where J and 
represent the flux of radiant energy reaching the de- 
tector in the presence (J) or absence (Io) of the absorbing 
centers, other things equal. Owing to the complexity 
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Range of Photometric Methods in Analytical Chemistry 
Absorbance 
proportional Logical 
No. Method Problem Absorbing centers to* units 
—_ Spectrophotometric Estimation Hf or Zr Particles suspended lake Mass Micrograms 
2 Photometric ; Estimation pit depth Silver particles in negative Depth Mils depth? 
3 Spectrophotometric Estimation Cu Molecules Cu compound on paper Mass Micrograms 
4 Photometric Estimation of matter A]l atoms or ions in sample Mass Grams 


¢ Under ‘“‘simplest conditions’; see text. 


+ Depth measures mass of metal removed when shape of pit is known. 


of the systems in the table, some of which are non-ho- 
mogeneous, nothing more detailed than this operational 
definition of absorbance will be attempted.'! Further- 
more, much of our discussion will be concerned with 
“simplest conditions”; that is, conditions under which 
asimple absorption law will hold if it ever does. Under 
such conditions, there will, for example, be no disturbing 
effect of the matrix in which absorbing centers are 
present, nor of a cell containing a liquid sample, and 
the radiant energy will be monochromatic. We shall 
not define ‘absorbing centers,” but we shall point out 
that their number WN in a sample is always proportional 
under the “simplest conditions” to m, the mass of the 
sample containing the absorbing material. 

We return now to the table. For the present pur- 
pose, the principal conclusion to be drawn from this 
table is that absorbance may be considered proportional 
to mass in four complex and diverse cases of practical 
importance. The exponential absorption law as con- 
ventionally presented in textbooks on analytical and 
physical chemistry employs concentration as a variable, 
and is restricted to homogeneous systems. As usually 
treated, the law brings to the student’s mind determi- 
nations resembling that of cupric ion in dilute aqueous 
solutions, but it gives him no inkling of the diversity 
exemplified by the table shown here. We believe he 
should be confronted early with this diversity. We 
suggest that this be done by replacing concentration as 
avariable with the number of absorbing centers. 

Before this is done here, we shall sketch briefly the 
conventional treatment of the exponential absorption 
law. This treatment is based on two different equa- 
tions: 


—dI/db = kyl 


—dI/de = kel (ec = concentration) 


(b = length) (1) 
(2) 


which have been called, respectively, Bouguer’s (or 
Lambert’s) and Beer’s law. These equations are in- 


tegrated between the limits 0 and b, and 0 andc. The 
integrals are then combined to give 
log [Jo/I] = keb (3) 


natural logarithms being replaced by Briggs ones. 
Equation (3) has been called by many names; we have 
suggested a return to ‘‘Beer’s law.” Some of the text- 


"For an authoritative treatment of the much simpler case of 
a homogeneous system, see Gipson, K. S., “Spectrophotometry 
(200 to 1,000 millimicrons),’” National Bureau of Standards 
Circular 484, September 15, 1949. 


books have given us the impression that the student is 
to regard the foregoing mathematical exercise as a 
derivation of Beer’s law. It is, of course, no such thing; 
the basic postulates are implicit in equations (1) and (2). 

The development of Beer’s law on the basis of ab- 
sorbing centers is at once simpler, more explicit, and 
broader than the conventional. Three postulates will 
be assumed to govern the behavior under the simplest 
conditions of N absorbing centers distributed uniformly 
in a sample of mass m. These postulates have been 
given various forms in many places. They actually 
underlie the “derivation” just given. The postulates 
are: 

I. At every level of energy, an absorbing center 
removes a constant fraction of the radiant energy in- 
cident upon it; or 


= —B’ (1) 


where B’ is a constant for one kind of absorbing center 
and one wave length. 

II. WN absorbing centers, all of one kind, act inde- 
pendently of each other; or, 


NéinI = AlnI = —B'N (IT) 


III. Each kind of absorbing center acts independ- 
ently of the other kinds; or 


= —(B,'N; + Bo’N2 + ... Bn'Nn) = (IIT) 
The foregoing development is for a sample of unit 

cross-sectional area; for a sample of uniform cross- 

sectional area a containing N centers uniformly dis- 

tributed one must write N/a on the right-hand side in 

every case to compensate for the reduction of the num- 

ber of absorbing centers in the path of the beam. 
Equation (II) may now be written 


Absorbance = log |Jo/J] = BN/a (Ila) 


and we suggest that this be called Beer’s law for one 
kind of absorbing center. (The extension to the more 
general equation (III) is obvious, as is the reason for 
choosing B to represent the constant of proportionality.) 

The various practical forms are easily derived from 
the general equation (IIa). For a conventional case, 
such as the determination of cupric ion in dilute aque- 


ous solution, 
N = [ec X 6.023 X 107%] [ab/1000] or V/a = k'ch = (4) 


N being the number of hydrated cupric ions in a cell of 
cross-sectional area a and length b filled with the sample, 
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which might be a solution containing c mols per liter of 
copper sulfate. Equation (3) follows from (IIa) upon 
consideration of equation (4). The cell length 6 is 
thus introduced without invoking the Bouguer (Lam- 
bert) law, and this further justifies naming equation 
(IIa) after Beer alone. There would seem to be little 
reason for continuing the confusion that has resulted 
from calling equation (IIa) (or an equivalent relation- 
ship) by several permutations and combinations of the 
names Beer, Bouguer, and Lambert. 

So long as mass m of sample containing absorbing 
material and N are proportional, equation (IIa) is, 
of course, equivalent to 


log [o/Z] = kmnAm (3a) 


a simple form applicable to the table. 

Finally, a few remarks about samples in which the dis- 
tribution of absorbing centers is not uniform; e. g., 
No. 3 in the table. Here Beer’s law was obeyed even 
though the density (number in unit volume) of absorb- 
ing centers must have decreased rapidly with the per- 
pendicular distance inward from the surface at which 
the spot was formed. 

With Beer’s law formulated as in equation (IIa), this 
situation is not difficult to understand. The quotient 
N/a gives for the sample on the paper the number of 
absorbing centers in, for example, a cylinder of height 
b and unit cross-sectional area, whence the number of 
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such centers in the volume element b da is Nda ‘a,b being 
the thickness of the paper. If Nda/ahas the same valyp 
for each volume element 6 da, equation (IIa) (Beer 
law) ought as a consequence to be valid under the sim. 
plest conditions even though density gradients of the 
absorbing centers exist in the various volume elements 
The law would thus hold for absorbance measurements 
on a sample that appears non-uniform by reflected 
light provided the lighter patches on the sample su. 
face had the proper excess of absorbing centers unde. 
neath. The latter absorbing centers would lie top 
deep to influence reflectance measurements. Exactly 
this situation seems to have been encountered in the ip. 
vestigation of the a-benzoin oxime spot test for cop. 
per,'? and it would seem that absorbance measurements 
ought to be preferred over reflectance measurements in 
this kind of determination. 

An extreme case for which Beer’s law could not be 
obeyed is easy to visualize. In the test just quoted, 
suppose that the spot had been formed so that part of 
the beam was incident upon areas that had never re 
ceived copper: the measured absorbance would then 
have been smaller for the same amount of copper than 
that actually measured. At the limit, had it been pos 
sible to concentrate all the copper in a single volume 
element 6 da, the measured absorbance would have been 
virtually indistinguishable from that of the blank. 


'2 See footnote 7. 


* A PORTABLE SEMIMICRO OZONIZER 


THE ozonization reaction has been described (/) as the 
most general and reliable procedure for double-bond 
cleavage and location, in that the primary cleavage prod- 
ucts are formed under conditions wherein the excess 
of oxidant does not affect them. In this respect ozoni- 
zation offers distinct advantages over degradations 
employing alternative oxidants. For conducting ozo- 
nizations on a laboratory scale, a number of ozonizer 
designs have been described in the recent literature 
(2-6), the most detailed description of apparatus and 
procedure being given by Smith and co-workers (7). 
The ozonizers previously described are designed pri- 
marily for macro-ozonization, and usually have the 
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necessary disadvantage of being rather cumbersome, 
complex to construct, and immobile. Because of these 
features alternative degradation procedures are usually 
considered before ozonization, and the latter reaction 
has not achieved as widespread use as a research and 
teaching tool as might be warranted. Experimental 
familiarity with ozonization is rarely part of the back- 
ground of the graduate student, much less the under 
graduate. To obviate some of these drawbacks we 
wish to describe a compact, portable, inexpensive ap- 
paratus for conducting ozonization simply and rapidly 
on a semimicro scale. 

The semimicro ozonizer consists of four Pyrex units, 
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a bubbler for control of oxygen throughput, a single- 
unit Berthelot tube for generation of the ozone, a 
reaction flask to hold the substance to be ozonized, and 
a soda-lime tube (8) for decomposition of excess ozone. 
The Berthelot tube contains a central finger filled with 
copper sulfate solution and connected by a copper wire 
to the high-voltage terminal of a transformer. A 
grounded tape-wrapped aluminum foil covering about 
the exterior of the Berthelot tube provides the second 
electrode. A 115-v. primary, 10,000-v. secondary 
ignition transformer (Jefferson Electric Co., Bellwood, 
Ill; Cat. No. 638-171) serves satisfactorily as the 
high-voltage source providing silent electrical discharge, 
although a two-inch induction coil operated from a 6-v. 
transformer has also given satisfactory results. As a 
precaution, all high-voltage connections are heavily 
insulated with rubber tape, and the lead to the top 
electrode is covered with heavy Tygon tubing. A glass 
stopper above the inlet to the ozonization flask provides 
for cleaning the inlet tube. The soda-lime ozone de- 
stroyer acts with an efficiency which precludes the need 
to employ the apparatus under a hood. The dimen- 
sions and other construction details of the apparatus 
are shown in the drawing. Since the ozonizer is de- 
signed for semimicro use where ozone yield is unim- 
portant, and since the production of ozone is strongly 
dependent upon voltage and oxygen throughput (7), no 
attempt has been made to determine the percentage of 
ozone in the effluent stream. With a moderate oxygen 
flow rate, however, we have ozonized a millimol of 
olefinic material in as little as five minutes with the ap- 
paratus shown. 

The facile use of this ozonizer is greatly enhanced by 
conducting the ozonization of the olefin in the presence 
of alcoholic 2,4-dinitrophenylhydrazine sulfate solu- 
tion (9) after the general procedure of Tatum (8). 
Under these conditions the olefin ozonide is decomposed 
as it is produced, and the 2,4-dinitrophenylhydrazones 
of the carbonyl degradation products are immediately 
obtained in high yield. This procedure makes quali- 
tative detection of olefinic unsaturation rapidly pos- 
sible under conditions where the Baeyer test with per- 
manganate, or the qualitative bromination test is 
slow or ambiguous (/0). Tatum’s procedure also sug- 
gests other ready uses for the present equipment. 
Since the carbonyl derivative is isolatable at the outset 
ina state of acceptable purity, immediate identification 
of the cleavage fragments sometimes is possible by 
mere melting-point determination. If a broad melting- 
point range for the derivative is obtained, the proba- 
bility of an unsymmetrical olefin is indicated. _Depend- 
ing on solubility characteristics of the derivatives, 
however, a sharp melting point may or may not be ob- 
tained on ozonization of an unsymmetrical olefin. 
Thus on ozonization in 2,4-dinitrophenylhydrazine 
solution, styrene produces benzaldehyde 2,4-dinitro- 
phenylhydrazone of correct melting point whereas 
triphenylethylene gives a crude derivative of broad and 
indistinct melting point. The rapid and high-yield 
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nature of the reaction also permits 2,4-dinitrophenyl- 
hydrazone formation to be used as a criterion for the 
duration of ozonization required for a particular olefin. 
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e QUALITATIVE ANALYSIS WITH THE 


“SPECTRANAL’” 


T wenry-rour cations encountered in the usual qual- 
itative analysis scheme have been studied with the 
recently developed Todd “Spectranal” (10), an instru- 
ment consisting of a Bunsen-type spectroscope with an 
attachment for sparking solutions at a partially sub- 
merged electrode. The features of the instrument are 
described briefly, data are presented on its performance 
with the above-mentioned cations, and some possible 
uses of the instrument as a teaching aid are suggested. 


DESCRIPTION OF THE INSTRUMENT 


Figure 1 is an over-all view of the Todd “Spectra 
nal,’’ Model A, Improved, showing (in clockwise fash- 
ion) the eyepiece of the instrument, the lamp for scale 


Figure 1. Todd “‘Spectranal,’’ Model A, Improved 


illumination, and the excitation chamber positioned in 
front of the slit. A glass prism is located in the top 


! Based in part on a paper presented at the Southwide Chemi- 
cal Conference, Wilson Dam, Alabama, October 19, 1951. 

2 Present Address: Washington and Jefferson College, Wash- 
ington, Pennsylvania. 
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of the instrument under a removable cover, and 4 
power supply unit which operates from 110 volts, a. ¢, 
or d. ¢., is built into the base. Both the eyepiece and 
the scale may be focused, the slit width is adjustable, 
and the eyepiece arm may be moved horizontally to 
bring any part of the visible spectrum into view. The 
spectral range is from about 4000 A. to 7000 A, and the 
dispersion of the prism is such that the sodium D-lines 
can just be resolved. 


To Spectranal 


Platinum electrode 


Sample dissolved in 
10% Nitric Acid 


For analysis of metallic 
elements in solu’ -- 


Figure 2. Diag atic View of Excitati 


Chamber 


A diagrammatic view of the test-tube-like excitation 
chamber is shown in Figure 2. An appropriate solu- 
tion of the sample is poured into this chamber to the 
desired level, about 1 to 2 ml. of solution being required. 
When the electrodes are connected to the power supply 
and the voltage turned on, the submerged tip of the 
excitation electrode becomes surrounded by sparks ora 
glow characteristic of either the electrode or of certain 
substances in the sample solution. The light emitted 
passes through the excitation chamber and _ cooling 
beaker, then into the spectroscope to be resolved into its 
component wave lengths. 

Two general methods of analysis are available with 
the “‘Spectranal.’’ If a sample is in metallic form, 4 
wire or thin strip of the sample can be analyzed directly 
by using it as the excitation electrode in an appropriate 
sparking medium. On the other hand, if a sample isin 
the form of a solution, it may be aralyzed by sparking 
it at a special excitation electrode + nich gives no spet- 
tral lines that interfere with the an: ‘ysis of elements i 
the solution. A platinum wire is generally used as 
this special excitation electrode. 


PRINCIPLE OF EXCITATION 


The use of solutions in spectroscopy is not new. 
Hartley (7) and Pollok and Leonard (9) used solutions 
to moisten graphite or metal electrodes prior to spark- 
ing, and observed spectral lines characteristic of sub- 
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stances in the solutions. Other workers (/-@, 11) 
used solutions as one or both of the electrodes and ob- 
tained characteristic spark spectra. Lundegardh (8) 
studied the flame spectra of solutions, laying the foun- 
dation for present-day flame photometers. 

The “Spectranal” uses a new method of excitation. 
A 5.45-ohm resistor connected in series reduces the line 
voltage to an optimum value for producing the char- 
acteristic line spectra of the elements. These line 
spectra are intermediate in intensity between the rel- 
atively cool gas flames and the very hot are or spark 
spectra of conventional spectrographic methods. By 
using this intermediate excitation method each element 
produces only a few characteristic or analytical lines 
with a minimum number of lines of secondary bright- 
ness. 

Any solution of sufficient conductivity can be used as 
the sparking medium. A 10-15 per cent solution of 
nitric acid is satisfactory, although solutions of other 
acids, sodium hydroxide, and even neutral salts can 
beused. The sparking causes a gradual disintegration 
of the platinum excitation electrode, and this is quite 
pronounced in hydrochloric acid, ammonium nitrate, 
and potassium nitrate solutions. A platinum-iridium 
electrode might be more resistant to attack in hydro- 
chlorie acid solutions. 

The spectral lines appear on a dark background un- 
derneath an illuminated, linear scale. This scale is 
positioned with reference to a hydrogen index line, 
6563 A., which is always present when aqueous solu- 
tions are sparked. The scale illumination can be ad- 
justed with a variable potentiometer, but this is not 
necessary except in the detection of very faint lines, 
when the scale lamp can be turned down or off. 

A reference table supplied by the manufacturer gives, 
with few exceptions, the scale positions and wave 
lengths of the three or four most persistent visible lines 
of each of the detectable elements. 


BEHAVIOR OF COMMON CATIONS 


Although 53 elements are reported as being detect- 
able with the ‘“‘Spectranal”’ (/0), the present study was 
restricted to the behavior of 24 common cations from 
the qualitative analysis scheme. 

Practical lower limits of detection are given in Table 
lfor the cations studied. These limits were determined 
by sparking known concentrations of each ion in a 
2M nitric acid medium. Nitrate solutions of the ions 
were used in preparing the test solutions except in the 
cases of As+++, Sbh+++, and Sn*+‘ for which chloride 
solutions were used. A platinum excitation electrode 
of 0.025-in. diameter was employed in these experi- 
ments. It was sparked in pure 2 M nitric acid before 
each test with each ion to insure the absence of elec- 
trode contamination. The room was not darkened for 
these studies. Since the exact limit of detection would 


vary somewhat with the amount of external illumina- 
tion, the diameter of the excitation electrode, the du- 
tation of the sparking, and the condition of the ob- 
server’s eye, a range of values has been given; 


even so, 
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there is some uncertainty. Mercury (I) and mercury 
(II) solutions give identical spectra with the “Spec- 
tranal,” and this would be the case for all elements 
having multiple oxidation states. 


TABLE 1 


Practical Lower Limits of Detection of 24 Common Cations 
with the Todd ‘‘Spectranal, Model A, Improved”’ 


Lower limit, 


Cations studied mg./ml. 
0.003- 0.01 
Mg*+ 0.01 — 0.03 
Ba*+, Ca++, Sr++ 0.03 - 0.1 
Agt, Cdtt, Cutt, Mn++, Zntt 0.1 -0.3 
Alt+++, Cr+++, Hg.++, Hg++, 0.3 -1.0 
Bit+t, Cott, Fett++, Nitt 1.0 - 3.0 
Kt, Snt+t+ 3.0 -10.0 
Ast++, NH,+t, Sb+++ Not detected 


The interference of one element with the detection 
of another element does not appear to be very frequent, 
but it was noted that a high concentration of magne- 
sium causes sodium or bismuth lines to be less intense. 
Zinc and cadmium lines, on the other hand, are not 
affected appreciably by the presence of magnesium, 
and a high concentration of sodium has little or no 
effect on the intensity of bismuth lines. A complete 
study of interference effects was not attempted. 

Each element, of course, has its characteristic “‘Spec- 
tranal’’ spectrum, and many of the spectra are beauti- 
ful with their variety of colored lines of differing in- 
tensities. With some elements only a few lines appear, 
with others many appear. The spectra of calcium and 
strontium solutions contain several glow regions as 
well as definite lines. Certain of the transition ele- 
ments—chromium, cobalt, iron, and nickel—have many 
“fine-lines” in their spectra. 

Platinum itself gives more than 40 visible lines, 12 
of them quite intense. However, platinum seldom 
interferes with the detection of other elements. Either 
the platinum lines fade out, or they do not coincide 
with the lines of the other elements in question. It 
has been noted that, using a 0.025-in. diameter plat- 
inum excitation electrode, the platinum lines fade out 
when rather concentrated solutions of barium, cal- 
cium, chromium, cobalt, copper, magnesium, silver, 
or strontium are sparked. 

Tantalum has been used as the excitation electrode, 
for it is one of the few metals that give practically no 
lines with the ‘“‘Spectranal,’’ but it is not as durable as 
platinum toward the sparking and is not as sensitive 
as platinum for the detection of many of the cations 
listed in Table 1. 

The spark characteristics of the various elements 
giving lines are not all alike. Using a 0.025-in. diam- 
eter platinum electrode the best lines are observed with 
some elements when the electrode is sputtering, with 
others just as it begins to glow, and with still others 
after the glow sets in. The best conditions for detect- 
ing the various elements studied are summarized in 
Table 2. In addition to these effects, it has been noted 
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that solutions of aluminum, cadmium, and potassium 
inhibit the glowing of the electrode. 


Best Electrode Conditions for Detecting Various Elements 
(using a 0.025-in. diam. Pt excitation electrode) 


A. “— the electrode sputters, before the glow sets in: 
Ju, Hg 

B. Just as the electrode begins to glow: 
Bi, Cd, K, Pb, Zn 

C. After the glow sets in: 
Ag, Al, Ba, Ca, Co, Cr, Fe, Mg, Mn, Na, Ni, Sr, Sn 


With a 0.035-in. diameter platinum electrode, the 
excitation is more uniform. The electrode does not 
become heated to redness and effects such as those 
summarized in Table 2 are not as pronounced. 

The platinum electrode becomes contaminated when 
it is sparked in some solutions, particularly solutions 
containing ions of aluminum, cobalt, copper, iron, 
magnesium, manganese, or nickel. However, even in 
most serious cases, this contamination disappears if 
the electrode is scraped lightly or is sparked a few 
minutes in fresh nitric acid. Certain elements—bis- 
muth, cadmium, mercury, potassium, sodium, and tin— 
do not contaminate the electrode even when rather 
concentrated solutions of the elements are sparked. 


USE AS A TEACHING AID 


The simplicity of design of the “Spectranal’”’ makes 
it an ideal instrument for demonstrating the elemen- 
tary principles of spectroscopy to small groups of begin- 
ning chemistry students. Do students realize that the 
spectral lines which appear in most general chemistry 
textbooks are merely images of a slit, and that the lines 
can be broadened or narrowed by varying the slit 
width? These and other principles become clear after 
a few manipulations. A suggested experiment is out- 
lined as follows: 


1. Place light in front of slit and observe the visible spectrum 
through the eyepiece. 

2. Remove cover of spectroscope, exposing prism, and trace 
the optical path. 

3. Spark a 2 M HNO; solution and observe the H-index line 
and the Pt lines. Note the effect of varying the slit 
width. 

4. Add 2 mg. each of strontium, sodium, and magnesium ions 
to the HNO; solution, observing the characteristic lines 
after each addition. Focus the eyepiece to resolve the 
sodium D-lines. 


Teachers of qualitative analysis should find the in- 
strument useful in demonstrating the theory of ‘flame 
tests” and in checking the composition of student un- 
knowns. Furthermore, use of the instrument by in- 
dividual students is a definite possibility. The tech- 
nique of operating the instrument can be acquired rap- 
idly, solutions can be prepared easily, and results can 
be obtained in a matter of minutes after a little prac- 
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tice. The instrument might well be used by students 
in the preliminary examination of alloys or minerals 
prior to a quantitative analysis. 
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ADDENDA 


After this article was in press, the Todd Scientific 
Company announced the manufacture of an Improved 
“Spectranal,’’ Model C, said to be capable of detecting 
61 metallic and non-metallic elements with a sensitivity 
averaging ten times greater than that of the Model A in- 
strument. A variable-type auto transformer is incorpo 
rated in the base of the instrument so that the power 
to the electrodes can be varied over the range 50-120 v., 
low power being best for elements easily excited and high 
power being best for elements difficult to excite. Fur- 
thermore, the manufacturer now recommends that solu- 
tions be made 1 per cent in KNOs before being sparked; 
this high concentration of potassium ions is said to 
cause the platinum lines to fade out completely, thereby 
eliminating the possibility of interference from lines of 
the platinum excitation electrode. 

It should also be noted that an article has appeared 
recently [Kruss, K. E., J. Appl. Spectroscopy, 6, 19-25 
(1952) | describing several ways in which the “‘Spectra- 
nal” can be used for the semi-quantitative analysis of 
sample materials. 
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* CHROMATOGRAPHY AS A CLASS UNIT IN 
QUALITATIVE ANALYSIS 


Great strides have been made since the revival by 
Gordon, Martin, and Synge (/4) in 1944 of Schoenbein’s 
method of “capillary analysis’’ on filter paper. Its ap- 
plication is widespread in the fields of both organic and 
inorganic chemistry. Separations of 45 metals and 
anions, by successive changes of the extracting medium, 
have been performed (5). Quantitative determina- 
tions of much less than one microgram by paper chro- 
matography have been made possible through the use 
of radioactive tracers. Measurements were made by 
use of Geiger-Miiller counters (23) or by laying the 
developed chromatograms on a photographic plate and 
producing a radioautograph (/7). Sugars have been 
separated and detected in foods, blood, and urine by 
the paper-chromatographic method. One of the great- 
est fields for the application of this method is in medi- 
cine and biological chemistry. The use of paper for the 
resolution of mixtures of amino acids was first proposed 
in 1944 (14); its rapidity, simplicity, and reproduci- 
bility caused its immediate and widespread adoption. 
There are numerous applications of this method and 
results have been invaluable in elucidating structures, 
identifying compounds, separating impurities, and dis- 
covering new compounds (4). 

A method such as paper chromatography, with such 
vast. potentialities in the field of chemical analysis, de- 
serves to be included in the curriculum of the future 
chemist (10, 12, 18, 21). However, the majority of 
procedures and apparatus previously reported were not 
very suitable for class participation. These consisted 
in the use of milk bottles, hydrometer jars, graduated 
cylinders, aquarium tanks, ete. In the following pro- 
cedure, the elementary chemistry student can be intro- 
duced to this rapid and convenient method of analysis 
with a minimum of cost and effort. 

There are two methods in genera! use for chromato- 
graphic separations using paper as the stationary phase. 

In the first and most popular the chromatogram is 
formed by upward migration of the developing solvent; 
in the other method it is formed by downward migration 
of the developing solvent. The former method was 
chosen because it. proved to be more efficient and con- 
venient. 

The equipment. required by each student consists of a 
12-in. test tube, a length of thin glass rod, and a cork 
stopper (2/). The glass rod is bent in the form of a 
loop to fit inside the test tube, to prevent the paper 
strips from touching each other when two chromato- 
grams are run simultaneously in one tube. The ends of 
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the glass rod are inserted in a cork which partially seals 
the test tube. For a large number of samples, as in the 
case of class participation, a test-tube rack can be made 
by drilling 1'/,-in. holes in one side of a convenient 
wooden box. Filter paper strips, 14 in. long and */, in. 
wide, are cut prior to the class meeting and are distrib- 
uted by the instructor. (Rolls of chromatographic 
paper of this width are also available.) The develop- 
ing solvent may be prepared by the instructor in a large 
quantity or in the desired small quantity by each stu- 
dent. The unknown sample mixtures are the ones 
commonly issued to the student for analysis by the 
conventional macro or semimicro qualitative methods 
excepting that all but Group I solutions are chlorides. 

The procedure for analysis consists of depositing a 
small streak of sample mixture on the paper strip, 
about one inch from the lower end of the paper, by 
means of a fine capillary. A pencil line is used to indi- 
cate the line of deposition for use in calculating Rf 
values. A small piece of glass rod is inserted in the 
end of the paper to prevent curling. The strip is al- 
lowed to dry and then placed in the test tube, which 
contains about 10 ml. of developing solvent. This 
developing solvent consists of water, acetic or hydro- 
chloric acid, and some organic solvent. The tube is 
then loosely sealed with a cork until the solvent reaches 
the top of the test tube. The chromatogram is re- 
moved, dried to remove the solvent, sprayed lightly 
with distilled water, and the separated cations are iden- 
tified with suitable chromogenic reagents. Liquid 
plastic is sprayed on the strips to prevent fading of the 
identifying colors. 

Certain precautions must be exercised in order to ob- 
tain satisfactory results in this classroom application. 
The air must be relatively free of hydrogen sulfide gas 
or precipitation of the unknown mixture will occur im- 
mediately after the sample solution is placed on the 
paper with no resulting migration. In addition, the 
sample spot must be dry before the strip is placed in the 
tube or it will tend to be diluted by the developing 
solvent, resulting in a poor separation. Of the many 
separations attempted by the students, the majority 
of failures could be attributed to one or both of these 
factors. 

The chief factors affecting separations by the paper 
chromatographic method are method of development, 
the solvent, pH, and the grade of filter paper strips 
used (24). 

It was concluded from numerous experiments that 
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the ascending method of development would be the 
most satisfactory for the small-scale classroom proce- 
dure. It produced uniform and consistent results over 
a wide range of variable conditions. However, a some- 
what longer developing time is required by the ascend- 
ing method than the descending. The speed of de- 
velopment can be controlled by regulating the atmos- 
phere inside the test tube. Very rapid migration can 
be obtained by completely sealing the paper strip in the 
tube. This usually results in poor separations. To 
correct this and to slow down the development slightly 
the test tube should not be tightly sealed. 

Various grades of filter paper were investigated and it 
was found that the choice of paper yielding the best 
separations depended upon the composition of the 
developing solvent and the particular cations to be 
separated. 

Two grades of filter paper which proved very satis- 
factory for chromatographic analysis by this method 
are Whatman’s No. 3 mm. and No. 4. The former is a 
thick paper, of medium flow rate, while the latter is a 
light-weight, fast-running paper. No. 4 is especially 
suited for the separation of mixtures of Group ITA and 
IIB cations; No. 3 mm. for Groups I, IIT, and IV; No. 
1 (a light-weight, medium-running paper) for Group V. 

The Rf values of the particular ions, which are defined 
as the ratio of the distance traveled by the spot to that 
traveled by the liquid front of the developing solvent 
(6), were slightly higher when No. 4 paper was used as 
the stationary phase. 

The primary factor affecting the time required for 
development of the chromatogram is the composition 
of the developing solvent. Most procedures mentioned 
in the literature require from 16 to 24 hours. This at 
first did not seem suitable since most laboratory periods 
are 4 hours. After considerable investigation, a sol- 
vent mixture was prepared by which very satisfactory 
separations could be obtained in 4 hours or less. It 
consisted of 50 per cent propionitrile, 30 per cent acetic 
acid, and 20 per cent water. The acid was added to 
give more concise bands and to prevent trailing due to 
hydrolysis and to the existence of ions in complex 
and simple form at the same time (/6). A more porous 
filter paper, Whatman No. 1, was used with the 
above solvent mixture to increase the rate of migration. 
Although this developing solvent yielded the most rapid 
separation it was not used for the student’s separations 
because of the toxicity of the propionitrile. Instead, 
other solvents were substituted for the propionitrile, 
and the time of development increased from four to 22 
hours. Consequently, students must return the fol- 
lowing day to remove their chromatograms, dry them 
in an atmosphere free from HS, and store them for 
later identification. In the interest of health it was 
felt that this procedure should be adopted. 

The compositions of developing solvents which were 
found to give very good separations of the cations ac- 
cording to the qualitative analytical groups are given as 
follows: 
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Group ITA 
(Copper group) 
80% n-butyl ale. 


Group IIB 
(Arsenic-tin group) 
80% tert-buty| ale. 


Group I 
(Silver group) 
85% n-butyl ale. 


15% water 10% water 10% water 
Sufficient glacial 10% aceto-acetie 10% aceto-acetiec 
acetic acid to ester ester 
make a pH of 2.5- Sufficient glacial acetic acid to make a pH 
3.5 of 3.5-4.0 


Group ITIA 
(Aluminum group) 
70% tert-butyl ale. 


Group IIIB 
(Nickel group) (1) 
87% acetone 


30% water 13%4N HCl 
Sufficient HCI] to make a pH of 2.0-3.0 
Group IV Group V 


(Alkali group) (1, 4, 20) 
Methanol or a soln. of 
70% ethanol 
30% water 


(Alkaline earth group) 
40% sec-propy] ale. 
60% 3 N HCl 


The pH of the solvents may be determined by means of 
Hydrion pH paper or a pH meter. The location of the 
separated ions in their order from the base line when 
developed by the above solvents is usually as follows: 


Group I: Hg*, Pb**, Ag* 

Group TIA; Bit*, Cd**t, Catt, He** 
Group ITIA: Al*+++, Zn*+* 

Group IIIB: Nit+*+, Mn++, Co*++, Fe*+*+ 
Group IV: Ba*+t, Sr++, Ca++, Mg*+t 

Group V: K*, Nat, Lit 


As in the case of the conventional qualitative analyti- 
cal procedures, it may prove advantageous to adjust 
the concentration of the different cationic solutions in 
order to obtain good identifications of those cations 
which prove to be troublesome to obtain. 

Identification of the separated ions may be accom- 
plished in several ways: (1) By use of a gas such as HS 
(effective for Groups I and Il). (2) By use of chromo- 
genic reagents. Group I and II cations can be made 
visible by spraying the dried chromatogram with dis- 
tilled water and exposing them to H.S gas in a closed 
container, such as a bell jar, for 15 minutes. The char- 
acteristic sulfide colors of these cations easily identify 
them. Group I cations may also be identified with a 
0.2 per cent solution of potassium chromate. Group 
III and IV cations are revealed with specific chromo- 
genic reagents whose concentrations are given by Feigl 
(8). Group V cations can be recognized by spraying 
with a solution of AgNO; and fluorescein. The “brush” 
technique in the application of these chromogenic 
reagents proved to be very satisfactory. 

A carbon tetrachloride solution of dithizone produces 
a rose coloration with zinc. The color fades as the dithi- 
zone dries. “Aluminon’’ (aurin tricarboxylic acid) ina 
(0.1 per cent aqueous solution gives a permanent pink 
color with aluminum. Nickel can be identified with a 
1 per cent alcoholic solution of dimethylglyoxime; 
nitroso-8-naphthol (0.1 g. in 50 ml. of glacial acetic 
acid) can be used to reveal the presence of the cobalt 
and iron ions. A reddish-brown color is obtained for 


SEP 


cob: 
Fer! 
tion 
loca 
den 
not 
grol 
tion 
obse 
ultr: 
in 
itsel 
shou 
ina 
mon 
veal 
pota 
colol 
with 
mea 
whic 
are 
spra: 
and 
In 
catic 
grou 
tor f 
veloy 
catio 
them 
ing ¢ 
syste 
try ¢ 
in thi 
St: 
classi 
obtai 
and j 
the t 
with 
The 
whicl 
and 
to pr 
nants 
Wi 
grapl 
conve 
the | 
Brita 
sistin 
chron 
cation 
26). 


. 
‘ 


pH 


of 
he 


ien 


SEPTEMBER, 1953 


cobalt, while a gray to black color is obtained for iron. 
Ferric iron can be further identified with an acidic solu- 
tion of potassium ferrocyanide. Manganese can be 
located by spotting with an alkaline solution of benzi- 
dene which produces a blue coloration. This color is 
not permanent and will fade out. The cations of this 
group can also be identified by using a | per cent solu- 
tion of 8-hydroxyquinolin as a chromogenic spray and 
observing the characteristic fluorescent color under 
ultraviolet illumination. This method is very effective 
in revealing these cations; however, it does not lend 
itself very readily to classroom procedure. 

The chromatograms of the alkaline earth group 
should be neutralized with NH; fumes and then placed 
ina Warm oven to dry and to dispose of any excess am- 
monia. The barium and strontium cations are re- 
vealed by means of a 2 per cent aqueous solution of 
potassium rhodizonate, which produces a scarlet-red 
color with the barium ion and a yellow-orange color 
with the strontium ion. The calcium ion is verified by 
means of a 0.2 per cent alcoholic solution of alizarin 
which will produce a violet color. The Group V cations 
are revealed as characteristic chloride bands when 
sprayed with a solution of silver nitrate and fluorescein 
and dried (/, 3, 19). 

In order to simplify the identification of the various 
cations, several chromatograms of the entire group or 
groups under analysis may be prepared by the instruc- 
tor for use as comparison standards. The student de- 
velops his chromatograms and reveals his separated 
cations in the prescribed manner and then compares 
them with the standards both in respect to the identify- 
ing color and to the extent of migration of ions. This 
system proved very satisfactory to a freshman chemis- 
try class which had no previous knowledge or training 
in this analytical method. 

Statistics taken of the results obtained by our various 
classes showed that for an over-all average the students 
obtained very good separations 87 per cent of the time 
and interpreted their analyses correctly 90 per cent of 
the time. This may seem rather poor when compared 
with the conventional macro or semimicro methods. 
The causes of errors in the majority of the failures 
which we studied indicated that the poor separations 
and subsequent incorrect analyses could be attributed 
to premature precipitation of the sample by contami- 
nants or its dilution by the developing solvent. 

While this paper has dealt solely with the chromato- 
graphic separation of the cations, according to the 
conventional qualitative analytical scheme of analysis, 
the University of Bristol scientists, Bristol, Great 
Britain, have published a new scheme of analysis con- 
sisting of a classification of the cations into qualitative 
chromatographic groups based on the separation of these 
cations by means of specified selective solvents (20, 25, 
26). To complete the picture of qualitative analysis by 


459 


paper chromatography, reference is being made to papers 
which have been published on the chromatographic 
separation of anions by several teams of investigators 
(2, 7, 15, 20, 25, 26, 27). 

From the foregoing discussion it can be seen that 
paper chromatography is a simple, inexpensive, and 
rapid method of analysis which can be conducted on a 
classroom scale in the qualitative analysis course. It 
should not be offered as a substitute for the conventional 
qualitative analytical methods, but because of its rapid 
rise as an analytical research tool it warrants being in- 
troduced to future chemists as an important analytical 
method. Subsequent courses, such as organic chemis- 
try and biochemistry, can utilize these same techniques 
for the separation and identification of sugars, fatty 
acids, and amino acids (17, 18, 19). 
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DETERMINING AVOGADRO’S NUMBER 


Ix our interdepartmental chemistry-physics course 
we have been interested in devising experiments which 
will encourage the student to think and which will at 
the same time lend themselves to active teaching on the 
part of the instructor. Nechamkin' has recently 
described an experiment in which the very small 
number representing the charge on the electron has 
been successfully determined by students in elementary 
chemistry. In our laboratory we have determined 
Avogadro’s Number, which previously had seemed to 
the student too large to have any meaning or any possi- 
bility of being determined by the inexperienced analyst. 
The experiment which will be described below involves 
the electrolysis of water and the collection of the hydro- 
gen and oxygen evolved. From the data obtained it 
is possible to determine Avogadro’s Number quite 
accurately. 

The apparatus set up as shown in the figure was com- 
pletely filled with approximately 10 per cent H.SO, 


| Stopcocks 
Rheostat Platinum 
electrodes 


and the stopeocks closed. It is important for the 
success of the experiment that the current be kept 
constant by means of the rheostat. The current was 
allowed to run through the apparatus for a carefully 
measured length of time, after which it was turned off 
and the data recorded. The temperature of the room 
and the barometric pressure were read. The volumes 
of both the hydrogen and oxygen were recorded. A 
careful measurement of the height of the sulfuric acid 
in the center tube above the lower level of the hydrogen 
was made, and a similar measurement of the height of 
sulfuric acid above the lower level of the oxygen. The 
table gives a complete tabulation of the data collected. 


1 J. Epuc., 29, 92-4 (1952). 


(a) 
Amme ter 


A Laboratory Experiment 
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Time 12.0 min 
Barometric pressure 76.6 em. 
Room temperature 24.1°C, 
Current 0.58 amp. 
Volume of Hy 52.0 ml. 
Volume of O, 25.8 ml. 
Height of H,SO, in central tube 

above lower level of H, 36.8 em. 
Height of H.SO, in central tube 

above lower level of O» 24.2 cm. 
Density of H,SO, solution 1.07 g./ml. 
Density of Hg 13.6 g./ml. 


Vapor pressure of H,SO, at 24.1°C. 2.0 cm. 
Charge on the electron —16.0 X 10~* coulombs 


Samples of the gases were drawn off into test. tubes 
and identified by the characteristic tests, 7.e., support- 
ing combustion and burning with a “pop.” The 
students had previously written the equation 


— 2H, + 


This experiment gives clear evidence that the decompo- 
sition of water does give two volumes of hydrogen and 
one volume of oxygen. The equations representing 
the electrode reactions 
4H* + 4de — 2H, at the cathode 
2H.0 — O, + 4H* + 4e at the anode 

indicate to the student that as four electrons are liber- 
ated in the formation of a molecule of oxygen there are 
four electrons used in the production of two molecules 
of hydrogen. 

The students had learned previously that pressure 
is proportional to density and to the height of the 
column of liquid supported. In order to determine 
the height of mercury which would exert the same 
pressure as the sulfuric acid column the expression 


digh, = deghe 


was used, where d, and dy» refer to the density of the 
sulfurie acid solution and of the mercury respectively, 
and h,; and h» refer to the height of the sulfuric acid solu- 
tion and the height of the mercury column. The value 
qg, representing the acceleration due to gravity, cancels 
out. Since the densities of the sulfuric acid solution 
and of the mercury and the height of the acid column 
are all known, the height of the column of mercury 
exerting the same pressure is easily determined. From 
these data it is found to be 2.9 em. of Hg for hydrogen. 
Using the expression 


+ Prapor = + Puyo, solution 


it is now possible to calculate the pressure exerted 
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by the dry gas. At this point it is well to remind the 
student that the vapor pressure of the acid solution is 
lower than that of pure water; also that Dalton’s 
law of partial pressure is being used. The pressure of 
the dry hydrogen is found to be 77.5cem. of Hg. Apply- 
ing Charles’ and Boyle’s laws to the data the volume 
of the dry hydrogen at STP is shown to be 48.7 ml. 

The relationship J = q/t is used to determine the total 
charge involved when a current of 0.58 ampere is 
allowed to pass through the system for 12.0 minutes. 
As the charge on one electron is given, the total num- 
ber of electrons passing through the solution may be 
calculated. This is found to be 26.1 XK 107. Two 
electrons are used in the liberation of one molecule of 
hydrogen, so it follows that 13.05 X 10° molecules 
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of hydrogen must have been formed. Since this 
number of molecules of hydrogen gas has been shown 
to occupy 48.7 ml., in 22,400 ml. of the dry gas at 
STP there are 6.00 molecules. By a similar 
series of calculations usmg the data for oxygen one 
obtains 6.12 X 107% as the number of molecules of the 
gas in one mol. The average of these two values gives 
6.06 X 1078 which represents a 0.66 per ceat deviation 
from the accepted value, 6.02 

This has seemed an interesting experiment for several 
reasons. The results are so nearly those of the ac- 
cepted value that the student feels there is real validity 
in Avogadro’s Number. It gives an opportunity for 
bringing together and applying several laws and princi- 
ples studied earlier. 


e AN INEXPENSIVE, PORTABLE 
ELECTROANALYZER 


Recent developments in the field of controlled cathode 
electrolytic devices, or “potentiostats,’”” have revived 
interest in the determination of metals by electrolytic 
deposition. While such automatic devices are usually 
beyond the scope of the elementary analytical course, 
the principles involved can be covered adequately by 
simpler equipment controlling only the total applied 
e.m.f. Electrolytic copper determinations are an old 
standy-by for first year quantitative analysis students, 
and procedures are described in most standard text- 
books. At the University of California at Los Angeles 
we use a mixed copper-nickel unknown to demonstrate 
the possibility of separation as well as determination. 
The problem of a suitable current supply is a common 
one. Some laboratories are fortunate to have a house 
d-c. supply of adequate power and stability; however, 
many of these are subject to periodic shut-downs and 
voltage fluctuations when other equipment is turned on 
or off. Commercially available electrolytic analyzers 
are quite satisfactory for simple determinations but are 
relatively expensive, particularly when a number of 
stations are required for large classes. Noncommercial 
devices can be very effective if well designed and prop- 
erly constructed. This paper describes an instrument 


designed, constructed, and used in these laboratories for 
undergraduate work. 


Our objectives were as follows: 


PAUL S. FARRINGTON and ROBERT L. 
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(1) Cost: Minimum compatible with satisfactory 
performance. 

(2) Performance: A variable output of sufficient 
stability to assure an accurate determination with a 
maximum of 5 amp. at 5 volts through each pair of 
electrodes. The current supply of each unit must be 
independently variable and unaffected when other units 
are turned on or off. 

(3) Portability: We prefer that each student take the 
apparatus to his own work station where he can profit- 
ably use waiting time for other work. 

(4) Compactness: We store our instruments in un- 
assigned student desks between classes. 

(5) General Appearance: A handsome, well-designed 
instrument usually commands more respect from the 
student. 

(6) Ease of Operation: Simplicity of controls is desir- 
able for student use. 


DESCRIPTION OF APPARATUS 


The complete apparatus, shown in the figure, con- 
sists of a power supply, an interchangeable electrode 
holder, two magnetic stirrers, platinum electrodes, and 
beakers. One unit with an electrode system at each 
side is supplied to each student. 

Power Supply. Heath-Kit Battery Eliminators, 
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Model BE-3, were purchased from the 
Heath Co., Benton Harbor, Michigan. 
Although the basic circuit was not altered, 
certain additions and substitutions were 
made. The meters provided were replaced 
as indicated on the List of Parts, in order to 
increase the accuracy of reading. The out- 
put circuit was divided, right and left, each 
side including a shunt for the ammeter and 
an on-off switch for the electrode system. 
The ammeter selector switch permits the 
measurement of current through either side 
independently. The voltage control and 
voltmeter are common to both sides. The 
problem of two electrode systems supplied 


Unk. 


Unk. 


15.93% Ni)* 
* Electrolytic determination with Sargent-Slomin Analyzer. 
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TABLE 2 


Copper-Nickel Determinations 
Sample Taken, g. Found, g. Error, % Taken, g. Found, g. Error, % 
Copper wire 0.2771 0.2773 +0.10 
0.2771 0.2771 0 
0.3632 0.3632 0 
(36.32% Cu, 0.3632 0.3631 -—0.03 0.1606 0.1 —0.19 
16.06% Ni)* 0.3632 0.3641 +0.25 0.1606 0.1607 +0.06 
0.3632 0.3637 +0.14 
0.3632 0.3630 —0.06 
0.3632 0.3631 —0.03 
#19 0.4866 0.4869 +0.06 0.2102 0.2100 —0.10 
(36.88% Cu, 0.4297 0.4298 +0.02 0.1856 0.1854 —0.11 


hist of Parts 


trode stations. Labor costs have not been estimated. 


Power Supply 

oe Heath Kit Battery Eliminator, Model BE-3 
Voltmeter, G.-E. 495X25, 5 v., 2'/2 in., Type DW-71 
Ammeter, G.-E. 494X62, 5 amp., 2!/2 in.. Type DW-71 
2 Receptacles, Amphenol 61-MIP-61F 
2 SPST switches 
1 SPDT switch 
4 Insulators, Johnson 135-46) 


Electrode Assembly 


Lucite, 21 X 23/4 X 3/4 in. 
Binding posts, Eby 


Stirrers 

2 Stainless Steel Beakers, Braun 13975 
2 Midget motors, Barcol DY AB 569-3 
2 Magnets, Alnico V, */, X */, X 2 in. 
2 Rheostats, 1500 ohms, Ohmite 0159 

2 Stirring bars 


Miscellaneous 
ai Total cost, exclusive of labor and electrodes 
TABLE 1 
Ripple Characteristics 
Load, amp. 1 volt, v. 5 volts, v. 

0 0.0 0.1 

1 0.3 0.45 

2 0.53 0.75 

5 


The following list is compiled for a single unit providing two’elec- 


by one unit is not considered serious inasmuch as the 
instrument is operated by only one student at a time. 

Four insulators mounted on top of the cabinet sup- 
port the electrode holder. Banana plugs are used for 
electrical connection. ‘Two 110-v., a.-c. convenience 
outlets are mounted in the rear panel for the magnetic 
stirrers. 

Electrode Holders. The electrode holder assembly is 
fashioned from a piece of lucite 21 & 2°/, & */, in. 
Four banana pins project into sockets in the insulators 
on top of the power supply. Eby binding posts are 
mounted on the ends to hold the electrodes. Brass rods, 
running through the lucite, connect the binding posts to 
the banana pins. 

Magnetic Stirrers. The problems arising from a 
rotating electrode are eliminated through the use of 
magnetic stirring. Although any commercial unit 
would be satisfactory, we constructed satisfactory 
models at considerably less expense. This saving may 


os = not be appreciable unless one is constructing a dozen or 
g 09 more stirrers. The motor, with its speed-controlling 
0.40 rheostat, and magnet are mounted inside an inverted 
ap stainless steel beaker. An aluminum dise fastened to 
2 49 the beaker above the magnet introduces eddy currents 


which effectively reduce the top speed of the motor 


29.90 ©without affecting its starting torque. 
1.00 
POWER CHARACTERISTICS 
eo The voltage regulation was determined by setting the 
5.00 voltmeter at 5 volts with no load and then drawing 
oo successively larger currents, noting the voltage decrease. 
mend This test was made without varying the voltage control 
setting. With a l-ampere load, the voltage decreased 
$78.50 


to 4.6 volts; 2 amp., 4.2 volts; 3 amp., 3.7 volts; 4 amp. 
3.3 volts; and 5 amp., 3.0 volts. It is possible to ob- 
tain 5 volts and 5 amp. at each pair of electrodes. The 
maximum rated output of this power supply is 10 amp. 
at 6 volts for continuous use. 

The peak to peak ripple measured at 1 and 5 volts 
under several loads is shown in Table 1. While the 
filtering appears to be rather poor, the results obtained 
in analytical determinations indicate that this amount 
_.__ of ripple can be tolerated for the procedures used. 
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ANALYTICAL RESULTS 


The instrument has been tested by the assay of pure 
copper wire and the analysis of unknowns used in course 
work. The latter are mixtures of copper and nickel 
carbonates. The experimental procedure is described 
in Kolthoff and Sandell.!' Results are compared with 


1 Kournorr, I. M., anv E. B. SANDELL, “‘Textbook of Quanti- 
tative Inorganic Analysis,’ revised ed., Macmillan Co., New 
York, 1943, p. 426. 
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values obtained electrolytically using a Sargent- 
Slomin Electroanalyzer, and confirmed by the analysis 
of a solution prepared determinately from pure copper 
wire (see Table 2). 
ACKNOWLEDGMENT 

It is a pleasure to acknowledge the assistance of Karl 
Jensen and Ross Farmer, electronics technicians, and 


Frank Schuster, machinist, who contributed many 
valuable ideas and constructed the instrument. 


NATIONAL COOPERATIVE UNDERGRADUATE 
CHEMICAL RESEARCH PROGRAM 


F'or the 1953-54 school year the National Coopera- 
tive Undergraduate Chemical Research Program (Na- 
CUR) offers 18 projects for student participation. The 
outline used for each project is: 


(a) Typical unit assignment 

(b) Special equipment needed 

(c) Special chemicals needed 

(d) Minimum student prerequisite 
(e) Name and address of Director 


Analytical Projects 


1. Sensitivity of Inorganic Qualitative Analysis Reagents 

(a) Determine the number of milligrams (in solution) of each 
of a group of cations required to give a characteristic reaction 
with 1.0 ml. of each of several different reagent solutions 
under specified conditions. 

(b) 24 small reagent bottles (30-100 ml.) with droppers in the 
stoppers, or any convenient means of counting the drops of 
solutions used. 

(c) Salts to prepare the cation solutions. Sometimes special 
organic reagents. 

(d) Completion of a course in systematic qualitative analysis. 

(e) W. P. Cortelyou, Roosevelt College, Chicago 4, Illinois. 


2. The Magnitude of Some Simple Quantitative Technique Errors 

(a) Determine the error caused by failure to remove manganese 
dioxide before standardizing a potassium permanganate 
solution. 

(b) Usual instruments and equipment needed for volumetric 
and gravimetric quantitative analyses. 

(d) Quantitative analysis. 

(e) Ethaline Cortelyou, Chemistry and Chemical Engineering 


ETHALINE CORTELYOU 
Armour Research Foundation, Chicago, Illinois 


W. P. CORTELYOU 
Roosevelt College, Chicago, Illinois 


Department, Armour Research Foundation of Illinois 
Institute of Technology, Chicago 16, Illinois. 
3. Use of Paper Chromatography in Qualitative Analysis 

(b) Sheets and rolls of Whatman filter paper prepared for paper 
chromatography. Wide-mouthed jars or bottles, 12 to 15 
in. tall are useful. 

(c) Salts to prepare cations. Solvent solutions, e. g., acetic 
acid, sulfuric acid, butanol, isopropanol, and other alcohols, 
if desired. 

(d) General chemistry and some qualitative analysis. 

(e) Sister Alice Marie, Assoc. Professor of Chemistry, Mount 
St. Mary’s College, Los Angeles 49, California. 


4. The Development of Quantitative Volumetric Determinations of 

Paint Pigment Constituents 

(a) Comparison of five assigned internal indicators for the 
titration of zinc. 

(c) Special indicators assigned. 

(d) Quantitative analysis. 

(e) Clovis Adams, The Sherwin-Williams Co., 115th St. and 
Cottage Grove Ave., Chicago, Illinois. 


Inorganic Projects 


5. Solubilities of Inorganic Sulfamates in Water 

(a) Determination of the solubility of barium sulfamate in 
water at 20°, 30°, 40°, and 50°; includes preparation and 
purification of the barium sulfamate. 

(b) Screw-capped bottles of approximately 125-ml. capacity; 
suitable shaking device for six or eight bottles in a thermo- 
stat. 

(c) Reagent grade sulfamic acid. 

(d) Good background in quantitative analysis. 

(e) Sister Agnes Ann, Immaculate Heart College, Los Angeles 
27, California. 
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6. Solubilities of Inorganic Fluoride Salts in Organic Solvents 

(a) Determination of solubility of potassium fluoride in dioxane 
at several temperatures. 

(b) Constant temperature bath; containers not affected by 
compounds used, probably polyethylene bottles. 

(c) The inorganic fluoride and the organic solvent. used. 

(d) Elementary quantitative analysis and elementary organic 
chemistry. 

(e) John H. Walkup, Centre College, Danville, Kentucky. 


Solubilities of Inorganic Halides (other than Fluorides) in 
Organic Solvents 

(a) Determination of solubility of lithium bromide in n-butyl] 
alcohol at 0°, 25°, and 100°C. 

(b) Constant temperature bath; secrew-capped, glass bottles of 
approximately 100-125 ni. capacity; shaking device. 

(c) None, other than good grade solute and solvent. 

(d) One quarter of quantitative analysis or at least be pursuing 
same. 

(e) Kirby E. Jackson, University of Alabama, University, 
Alabama. 


Organic Projects 


8. Preparation and Characterization of Diamides from Methyl- 
ene Bis-(4 phenyl isocyanate) and Alkyl or Aryl Bromides 
Through the Grignard Reaction 

(a) Condensation of the RMgX compounds of three or four 
alkyl or aryl bromides with methylene bis-(4 phenyl iso- 
eyanate) and subsequent hydrolysis to the diamide, methyl- 
ene bis-(p-acyl aniline). The purification of the diamides 
and determination of physical constants. 

(b) Two-necked, round-bottomed flasks, 

(c) Methylene bis-(4 phenyl] isocyanate), alkyl or aryl bromides, 
metallic magnesium for Grignard reagents, dry ether. 

(d) Elementary organic chemistry. 

(e) Roy G. Bossert, Ohio Wesleyan. University, Delaware, 
Ohio. 

9. Preparation and Properties of Acylacenaphthenes 

(a) Preparation and properties of 5-(p-toluy])-acenaphthene. 

(b) General organic laboratory equipment. 

(c) Acenaphthene, p-toluy! chloride, carbon disulfide, hydroxyl- 
amine hydrochloride, phenylhydrazine hydrochloride, ete. 

(d) Organic chemistry. 

(e) Edith J. H. Chu, Immaculate Heart College, Los Angeles 27, 
California, 


10. Characterization of Amines as Salts of Oxalic Acid 
(ay Preparation and crystallization of desired salts and deter- 
mination of melting points of these derivatives. 
(b) Good standard thermometer. 
(c) Primary amines. 
(d) Two semesters of organic chemistry and preferably a course 
in qualitative organic chemistry. 
(e) Sister Mary Daniel, C.C.V.I. Incarnate Word College, 
San Antonio 9, Texas. 
11. Preparation of Certain Schiff Bases and Their Reduction with 
Lithium Aluminum Hydride 
(a) Synthesis of octadecylbenzylideneamine and reduction to 
N-octadecylbenzylamine. 
(b) Three-neck flask, mechanical stirrer, Claisen flask, and, for 
most preparations, a vacuum pump. 
(c) Lithium aluminum hydride. 
(d) Elementary organic chemistry. 
(e) Bertin L. Emling, St. Vincent College, Latrobe, Pennsyl- 
vania 
12. Preparation and Characterization of Aromatic Compounds by 
the Friedel and Crafts Reaction 


(a) Condensation of a cyclic anhydride with an aryl compound; 
purification and characterization of the product. 
(b) Stirring motor is very helpful. 
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(c) A series of hydrocarbons; anhydrous powdered aluminum 
chloride; tetrachloroethane or nitrobenzene. 

(d) Organic chemistry and quantitative analysis. 

(e) = D. Reinheimer, The College of Wooster, Wooster, 
Ohio. 


13. Determination of Missing Items of Data in the Tables of 
Physical Constants of Organic Compounds in Lange’s “Hand- 
book,”’ Especially Refractive Indexes and Melting Points 

(b) Refractometer, 0.1 degree thermometers or better. 

(d) Organic chemistry. 

(e) Sarkis Kalfayan, Mount St. Mary’s College, Los Angeles 49, 
California. 


Physical Projects 


14. Determination of Refractive Indexes of Binary Liquid Mix- 
tures at Various Concentrations and Various Temperatures 
(a) Determination of refractive indexes of dioxane-ethylene 
glycol solutions of various concentrations at some given 
temperature. 

(b) Good refractometer, constant-temperature water bath, 
circulating pump 

(c) The liquids to be used. 

(d) Elementary quantitative analysis and elementary organic 
chemistry. 

(e) R. I. Rush, Centre College, Danville, Kentucky. 


15. Binary Azeotropes to Members of Hydrocarbon Homologous 
Series with Glycol Ethers 
(a) Study of the vapor-liquid equilibrium compositions as a 
function of boiling temperature for azeotropic agent. with 
one or more pure hydrocarbon homologues. 
(b) Efficient fractionation column; Abbé refractometer; mano- 
stat desirable but not necessary. 
(c) Carefully purified liquids. 
(d) Physical chemistry taken concurrently. 
(e) William F. Kieffer, The College of Wooster, Wooster, Ohio, 
16. Determination of Ternary Azeotropes Containing Water and 
Amines and/or Alcohols 
(a) Investigation of toluene, methy] cellosolve, and ethyl] aleo- 
hol system. 
(c) Carefully purified liquids of the particular system studied. 
(d) Physical chemistry taken concurrently. 
(e) H. E. Weissler, Incarnate Word College, San Antonio, 
Texas. 
17. Determination of the Reliability of Ideal Laws in Typical 
Practical Circumstances 
(a) Determination of the molecular weight. of naphthalene from 
its freezing point depression in benzene at several concentra- 
tions to observe departure from ideality as a function of 
concentration. 
(d) Physical chemistry. 
(e) Nathan Yagol, Roosevelt College, Chicago 5, Illinois. 


Biochemical Project 


18. Determination of Amino Acids by Paper Chromatography 


(b) Whatman No. 1 filter paper. 

(c) Individual amino acids, ninhydrin. 

(d) 24 hours of chemistry. 

(e) Sister Mary Daniel, C.C.V.I., Incarnate Word College, 
San Antonio 9, Texas. 


The fundamental principle of NaCUR is cooperation 
on a research project through duplicating assignments 
to undergraduate students in different schools. Each 
of the projects listed is considered simple and objective 
enough for stimulating undergraduate work. A proj- 
ect is divided into research units, each of such a na- 
ture that acceptable results and a report can be achieved 
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in 50 laboratory hours, the usual requirement for one 
semester-hour college credit. 

Any teacher who has one or more interested students 
ina particular project is invited to write directly to the 
project director. The project director will furnish an 
individual assignment for each student. The teacher 
will direct his own student in the laboratory work re- 
quired by the assignment and in the preparation of an 
acceptable research report for submission to the project 
director. 

A Certificate of Acceptance will be awarded to each 
student submitting a report accepted by a project 
director. The certificates are signed by the student’s 
own teacher and the project director and by the presi- 
dent and secretary of Handbook Publishers, Inc., who 
have generously provided the printed certificate 
forms. Suitable data may be selected for publication 
in the “Handbook of Chemistry.”” A project director 
may publish data obtained on several units with full 
credit given to all participating students and schools. 

A student assigned two or more units of a project 
may obtain enough data to prepare a report for presen- 
tation before a student affiliate group of the American 
Chemical Society or of his state academy of science. 
Sometimes two or more students of the same school are 
assigned several units of the same project and prepare 
a joint paper for presentation before such student groups. 
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The two original aims of NaCUR are to stimulate 
undergraduate chemical research and to supply usable 
chemical data. Last year we added a third aim that 
had developed automatically, to revive and stimulate 
research interests in teachers of small schools. Even 
in a one-man chemistry department, a teacher who has 
previously felt frustrated by limited funds, equipment, 
time, and research quality students can pursue a re- 
search problem to completion by judicious direction of 
a NaCUR project which places at his disposal the com- 
bined facilities of many schools. 

For the first time one of our project directors is an 
industrial chemist. So this year we may add a fourth 
aim: to give industry an opportunity to stimulate 
chemical interest at the undergraduate level. NaCUR 
offers industry the opportunity to cooperate with un- 
dergraduate college chemistry departments to insure a 
continuing supply of young chemists and chemical 
engineers by arousing an interest in chemical research 
that will persuade good students to go on into graduate 
chemistry and chemical careers. 

Any teacher or industrial chemist interested in di- 
recting a new project should write to one of the authors 
as soon as possible since a project is listed under the di- 
rection of the first person to request it. An outline of 
any project for the 1954-55 school term must be sent 
in by January 10, 1954. 


+ DIRECTIVE INFLUENCE OF SUBSTITUENTS IN THE BENZENE RING 


SEVERAL empirical rules have been proposed from time 
to time to explain the directive effect of the existing 
group on an incoming group. Some of the important 


ones are those of Crum Brown and Gibson,'! Vorlander,? 


and Hammick and Illingworth.* 

A new rule has been found by the author which is 
based on the group number in the periodic table of the 
elements. The rule can be stated as follows: 

If the total of the group numbers (in the periodic 
table) of the constituent atoms of the existing group is 
1, 7, or 13, the group will have ortho-para directing in- 
fluence, in all other cases meta. The group number of 
an alkyl radical is to be taken as 1. 

The following examples illustrate the above rule. 

CH;CO group: Adding the group numbers of the 
alkyl radical aid the various atoms we get (1 + 4 + 6) 
= 11. Its infiuence will thus be meta directive. 


‘ Crum Brown, A., AND J. Grsson, J. Chem. Soc., 61, 367 (1892). 
YORLANDER, Ann., 320, 122 (1902). 
’Hammick AND ILiincwortu, J. Chem. Soc., 1930, 2358. 


YATENDRA PAL VARSHNI 
University of Allahabad, Allahabad, India 


NH, group: Adding the group numbers of the various 


atoms we get (5 + 2) = 7. By the above rule its in- 


Predicted Observed 
Existing group Sum — influence influence 
R, Na, K 1 Ortho-para Ortho-para 
Cl, Br, I, OH, OR, NH2, NHR, 

NR. 7 Ortho-para  Ortho-para 
CH.Cl, CH.NH. 13 Ortho-para  Ortho-para 
CCl, 25 Meta Meta 
COOH, COOR, CONH, 17 Meta Meta 
CH;CO, CHO, COR 11 Meta Meta 
CN 9 Meta Meta 
COCO.H 27 Meta Meta 
CH.NO, 23. Meta Meta 
NH;Cl, NR;Cl 15 Meta Meta 


fluence will be ortho-para directive. The table shows 
the predicted and experimentally observed influences. 
The rule does not apply to the exceptional cases like 
CsH;CH =CHCOOH, ete., pointed out by Holleman‘ 
and therefore suffers from the usual drawbacks. This 


4 HoLtueman, A. F., Chem. Rev., 1, 187 (1925). _ 
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can, however, be used as an aid to memory, though it 
cannot be said to have universal application. 


The author is grateful to Dr. R. D. Tewari for his 
help and encouragement in the work. 


e DIVISION OF CHEMICAL EDUCATION 
OF THE AMERICAN CHEMICAL SOCIETY 


Meeting of the Executive Committee 
Los Angeles, March 17, 1953 


Present: A. B. Garrett (Chairman), L. Reed Brantley, 
G. P. Haight (for C. A. Vander Werf), F. D. Martin (for F. 
Dutton), N. W. Rakestraw, Milton Tamres (for W. E. Morrell); 
and H. H. Sisler. 

Minutes of Previous Meeting. The minutes for the meeting 
of the Committee held on September 16, 1952, in Atlantic City 
were approved with one correction—changing of ‘Michigan 
State University”’ to ‘“Michigan State College.” 

Treasurer’s Report. F. D. Martin reported for F. Dutton 
that there is a balance of over $2000 in the treasury, of which 
$1724.55 is deposited in a bank at 3.5 per cent interest. The 
report was approved. It was moved by Martin, seconded by 
Rakestraw, that this money be left in the bank. The motion 
carried. 

The Committee discussed the problems raised by Dutton con- 
cerning the handling of delinquent memberships. It was agreed 
that the by-laws should contain a statement on the handling of 
back dues and that it would be well for the Treasurer to propose 
such a statement. In the meantime, it was suggested that 
A delinquent members who send in the annual dues for a single 
ra year ($1) should be welcomed back and their dues be applied for 
membership for the current year. 

It was agreed that the Treasurer should use his own judgment 
‘ about dropping delinquent members from the rolls. Several 

ake members of the Committee emphasized that this should be done 
ie only after repeated follow-up letters had been ignored. Martin 
stated that his policy as Treasurer had been to strike the names of 
delinquent members from the rolls after two years of non-payment 
of dues. 

Committee on High-School Chemistry. The Committee report 
was presented in the form of a letter from Elbert Weaver, Chair- 
man. Publication of the Committee’s “Helps for High School 
Chemistry Teachers” was discussed. Possibility of its being 
run as a series in ‘‘Science Teachers Digest’’ was proposed. It 
was agreed that expression of opinion on the material should be 
sought from high-school teachers and from science education 
people. The matter was placed, for further investigation and 
for recommendation, in the hands of Brantley, who will, among 
other things, study its use among Los Angeles high-school chem- 
istry teachers. 

Committee to Study Problems of Teaching of Chemistry in Col- 
leges and Universities. Otto Smith, Chairman. The request 
of this Committee to add two additional members was granted. 

The Secretary was instructed to write letters to Grant Smith 
age and Douglas Nicholson in appreciation of the services they 
rendered in editing and publishing the ‘“Handbook for Assist- 
ants. 

Board of Publication. M. G. Mellon and Phillip West were 
nominated to replace Dr. Quill, whose term has expired, as a 
member of the Board. The Secretary was instructed to conduct 
a ballot of the Executive Committee members by mail. 

Committee to Edit Industrial Films. No report was presented. 
The Secretary will write the Chairman of this Committee for a 
report on its activities. 

Nominating Committee. The Nominating Committee, with 
H. H. Sisler as chairman, presented the following list of nomi- 
nations: 


Chairman elect: L. R. Brantley and C. A. Vander Werf 

Secretary: William Kieffer and Grant Smith 

Member at Large of the Executive Committee: 
bach and 8. Y. Tyree. 

On motion of Sisler, seconded by Tamres, the report was 
accepted.! 

Contract with Mack Printing Company. On motion of Rake- 
straw, seconded by Martin, it was voted that the revised contract 
with the Mack Printing Company for publication of the Journa 
or CHEMICAL Epucation be signed and that discussion of some 
system for sharing office expenses be considered at the Chicago 
Meeting in September. 

By-Laws. The question of the approval of the Division’s by- 
laws by the American Chemical Society was raised. Rakestraw 
was appointed to investigate the matter and take any necessary 
action. 

Chicago Meeting. It was agreed that the Secretary should 
exercise his own discretion in accepting and editing papers pre- 
sented for the general program at the Chicago Meeting. The 
suggestion calling for preparation of a master list of about 200 
leading chemical educators, from whom articles for the JouRNAL 
and papers for meetings might be solicited, was approved. Lead- 
ership for the Division might also be expected to stem from these 
educators. 

The symposium topics suggested in the Secretary’s report were 
approved with the recommendation that only half of those listed 
be scheduled for the Chicago Meeting, with the others to be held 
over for future meetings. Also suggested for a future meeting 
was a Symposium on “‘Putting the Plus in the Teaching of Chem- 
istry.” 

It was agreed that for the present the general problems of 
“Recruitment of Chemists at the Grass-Roots’’ and recognition 
of high-school chemistry teachers should be left for the action of 
local sections. Also discussed was the desirability of providing 
means to bring teachers in small colleges to national meetings. 

The suggestion that the A. C. S. tour board be approached on 
the possibility of arranging a tour for the winner of the Scientific 
Apparatus Makers Award was approved. It was also agreed 
that Dr. Lewis’ luncheon address should be circulated among 
leaders of chemical industry. 

Continuity of Business of Section. The suggestion that a 
calendar of duties for the Chairman, Secretary, and Treasurer, 
together with a bill of particulars for each office, be prepared 
was approved. Attention was called to the previously ap- 
proved recommendation of the Executive Committee that a list 
of the various divisional committees be published in the JouRNAL 
once every year. 

Possible need for Substitute Councillor for Next Year. The Sec- 
retary was asked to write Councillor Cavelti to check on the re- 
port that he would be out of the country during the 1953-54 
school year. If the report is correct, some provision for a substi- 
tute councillor should be made. 

The meeting adjourned. 


W. H. Stein- 


Respectfully submitted, 
C. A. VANDER WeEnrF, Secretary 


1 Eprror’s Nore: For the result of the elections, see THIS 
JOURNAL, 30, 411 (1953). 
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* USEFUL HINTS FOR SODIUM HANDLING 
IN THE LABORATORY 


Sopiem, long an important commercial chemical, has 
recently been in the news because of its possible applica- 
tion to heat-transfer systems in nuclear power plants. 
However, chemical synthesis is more important volume- 
wise as a consumer of sodium. Currently being con- 
sumed at a rate of 300 million pounds a year, sodium 
finds large-scale use in the manufacture of tetraethyl- 
lead, in the reduction of natural esters to long-chain 
alcohols in detergent manufacture, and in the manufac- 
ture of sodium peroxide and sodium cyanide. Other 
large-scale uses are on the horizon. 

This large industrial use of sodium may come as a 
surprise to many. However, sodium is economically 
attractive (only iron, zinc, and lead are less expensive) 
and is available in increasing amounts. Indeed, the 
surface has only been scratched in the field of sodium 
applications. 

It might be well, therefore, to look more closely at 
ways of handling this reactive metal, which is a promis- 
ing material for academic and industrial research. Let 
us consider for a moment the possibilities of using 
sodium dispersed in inert hydrocarbons. Here, the 
already reactive metal is made even more reactive, as 
shown by Figure 1 which presents data on the reaction 
rates of octanol with sodium in various degrees of sub- 
division. As you may know, the preparation of alkox- 
ides of higher alcohols is an extremely time-consuming 
operation, when pieces of sodium are used. Yet here 
we have decreased the reaction time greatly and done it 
with sodium in easy-to-handle liquid form. Moreover, 
sodium dispersions are unique, permitting reactions 
which were previously unknown to be carried out. The 
preparation of sodium alkyl amides by the reaction 


2RNH, + 2Na(dispersion) + C,Hs ~ 2RNHNa + C,Hs 


isoneexample.! Thus, dispersions are not just another 
means of introducing sodium to a reaction. 

Now that some insight has been gained on the inter- 
esting possibilities of using sodium, let us review the 
latest techniques for its convenient handling. 

Sodium is most conveniently received for laboratory 
use in one-pound, key-opening cans. Manufacturers 
of sodium also have larger cans or pails, containing lots 
of from 10 to 25 pounds, if desired. 

A designated storage area should be provided for 
sodium. This may vary from a steel box in a small 


‘“Preparation of Dispersions from ‘Ethyl’ Sodium,’’ Ethyl 
Corporation, 100 Park Avenue, New York 17, New York (avail- 
able on request). 


ARTHUR S. HAWKES, EUGENE F. HILL and 
MARSHALL SITTIG 
Ethyl Corporation, Detroit, Michigan 
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laboratory to a separate room or building in a large 
laboratory. On the laboratory bench, however, sodium 
may be stored dry in rust-free, friction-top metal cans 
or in cans under a layer of dry hydrocarbon, such as 
kerosene or toluene. Glass containers, where used, 
should be placed inside metal pails to confine sodium 
spillage in case of breakage. : 

Before going on to specific sodium handling opera- 
tions, let’s consider some generalities regarding the use 
of sodium in the laboratory. 

(1) Know the physical and chemical properties of 
sodium and consider the potentialities of your reaction. 

(2) Plan the disposal of sodium residues in advance. 
Dispose of scrap promptly and do not allow it to 
accumulate. 

(3) Make initial trials of the reaction on a small 
scale. Control the reaction rate by adding sodium in 
small increments and by dilution of the reactants with 
inert solvents. 

(4) Wear goggles or a face shield, and long-sleeved 
lab coat or shirt. Wear gloves when handling sodium 
metal. 

(5) Have soda ash or other approved extinguishing 
materials at hand in case of fires; never use water. 

(6) Use shallow metal pans on bench tops which can 
contain spillage in case of accident. 
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pellets may be used. Fig. 
ure 3 illustrates a simple de- 
vice, made from a bottle 
capper, which has been used 


Figure 2 


Figure 2 shows a sodium reaction being conducted in 
accordance with these recommendations. 

Let us go on now to a consideration of specific hand- 
ling techniques.* 

Cutting Sodium. Sodium may be cut fairly easily at 
room temperature. It offers about the same resistance 
to cutting as does a hard cheese. A refined mineral oil 
may be used to coat both the knife and the sodium, in 
order to prevent oxide formation on freshly cut surfaces. 
A sharp knife may be used, or a hinged knife mounted 
on a base like a paper cutter may be preferred. 

Weighing Sodium. Sodium can be weighed under a 
tared layer of an inert hydrocarbon in a beaker. It can 
also be weighed dry in a weighing bottle or can in a low- 
humidity atmosphere. Volume displacement may be 
used where exact weight is not necessary, or uniform 


2 “Handling ‘Ethyl’ Sodium—In the Laboratory—In_ the 
Plant,’’ Ethyl Corporation, 100 Park Avenue, New York 17, 
New York (available on request). 


to prepare such pellets. 

Melting Sodium. Molten 
sodium is a very useful form 
for laboratory use because 
the rate of addition can be 
readily controlled, because 
only a small amount of so- 
dium remains unconsumed 
in the reactor at any one 
time, and _ because the 
molten metal is dispersed so 
readily in the reaction mass, 

Two alternate designs for 
sodium melters and dis 
pensers are shown in Figures 
4 and 5. 

The design shown in Figure 4 offers the advantage of 
using a 1l-pound brick direct from the can, with a 
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minimum of handling. A removable filter basket re- 
tains the oxide skin from the brick. After the brick is 
inserted, the melter may be filled with a hydrocarbon 
(which is compatible with the reaction mass) to in- 
crease heat transfer and speed of melting. The design 
in Figure 5 features a somewhat simpler valve design, 
but requires that a sodium brick be cut into pieces and 
charged to the melter. It is preferred for addition of 
small weighed amounts of sodium. 

Making Sodium Sand. Sodium “sand” or “shot” 
are terms applied to sodium particles which are com- 
monly '/, to 5 mm. in diameter. This form offers 
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advantages over chunks of sodium in increased reac- 
tivity and ease of handling. 

Sodium sand may be prepared by melting sodium 
under a hydrocarbon, such as kerosene or xylene, and 
agitating while the mixture cools. If agitation is 
stopped just before the freezing point of sodium is 
reached, the droplets solidify into tiny metallic spheres. 
Alternatively, molten sodium may be dropped or sprayed 
into a cold hydrocarbon. 

Making Sodium Dispersions. Perhaps the most 
fruitful field for sodium research in the university or in 
industry lies in taking advantage of the unique proper- 
ties of sodium in dispersed form. Sodium may be 
readily dispersed in inert hydrocarbons, along with dis- 
persing agents used to prolong storage life, to decrease 
particle size, and to improve ease of handling. These 
dispersions may vary from thin liquids through grease- 
like materials to solids, depending on the viscosity of 
the hydrocarbon medium and the sodium concentration 
used. Concentrations can range from trace quantities 
up to 60 per cent. 

A typical laboratory setup for preparation of disper- 
sions is illustrated in Figure 6. A pound of sodium 
may be effectively dispersed in a 2-liter, creased, 3- 
neck flask. A special motor-driven agitator head is de- 
sirable, as is a Teflon seal of unique design.’ Five 
hundred grams of hydrocarbon are added, together with 
3g. of oleic acid. This mixture is stirred until it is uni- 
form, and the sodium is then added. This may be ac- 
complished by adding pieces of sodium, heating the 


DePrer, D., J. Gresiick, A. 8. Hawkes, C. A. PoEHLMAN, 
AND M. Srrtia, “Improved stirrers for the laboratory” (in prepa- 
ration). Also, see footnote 1. 


mixture to 105°C. to melt the metal, and then starting 
the agitation. Alternatively, a melt pot of the type illus- 
trated in Figures 4 and 5 can be used, in which case 
molten sodium is run into the solvent which has already 
been heated to 105°C. In either case, the mixture 
gradually assumes the appearance of gray house paint, 
and agitation.is stopped after 15 minutes at maximum 
speed. The contents of the flask are allowed to cool to 
room tempersture. 

The final dispersion may be poured into a dry, nitro- 
gen-flushed container. The shallow steel trays, recom- 
mended earlier for the sodium laboratory, will be useful 
here to contain any spills. A 10 to 20 per cent solution 
of isopropanol in toluene, xylene, or kerosene may be 
used to clean any residual sodium from the flask or the 
stirrer head. 

Dispersions of sodium, because of their highly reactive 
nature, do present special safety problems. In contact 
with moist air, sodium hydroxide will form, followed by 
the appearance of deliquescent water. The resultant 
heat of reaction between sodium and the water may be 
sufficient to ignite the hydrocarbon medium. Fire 
may also result from spilling a dispersion on absorbent 
material, such as cloth or paper, since such materials 
absorb the protective hydrocarbon and expose the finely 
divided metal to the moisture in the air. A sodium 
dispersion fire is first a hydrocarbon fire, however, and 
may be extinguished with conventional dry-chemical 
extinguishers. As with all sodium fires, however, water, 
aqueous foams, or chlorinated hydrocarbons should not 
be used. 


— TEFLON SEAL 


AGITATOR HEAD 


Figure 6 


469 
rion |) 
Fig- 

le de. 
Ottle 
used 
olten 
form 
in be 
Pause 
so- 
imed 
one 
the 
ed so 
mass, 
1s for 
dis- 
| 
we of 
ith a 
aS 
LES 
| 


470 


Cleaning Equipment. Apparatus which has contained 
sodium may be cleaned by washing with a solution of 
10 to 20 per cent isopropanol in toluene, xylene, or kero- 
sene. 

Small amounts of scrap sodium (up to 50 g.) can be 
disposed of by burning in a heavy metal dish under a 
hood, using a gas flame. The burned residue may be 
discarded by dumping it outdoors in an open area and 
flushing it away with water. Smaller amounts of 
sodium (5 to 10 g.) may be disposed of by dumping 
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into a beaker of isopropyl alcohol. As experience is 
gained in sodium handling, it will be found that small 
amounts of water (up to 2 per cent) may be added to 
the isopropanol to increase the rate of reaction. 

A combination of interesting physical and chemical 
properties makes this fourth-cheapest metal, sodium, 
an attractive material for industrial and academic re- 
search. A variety of useful techniques are now avyail- 
able so that sodium can be handled conveniently and 
safely in the laboratory. 


* ACTIVATION OF THE COLLEGE RESEARCH 


POTENTIAL’ 


Ix rut United States there are more than 700 colleges 
dedicated to undergraduate training in the liberal arts 
and sciences. According to the Trytten report 347 of 
these colleges provided the baccalaureate training for 
over 30 per cent of the Ph.D.’s in chemistry and bio- 
chemistry conferred by our universities during the years 
1936-45, the number being 1,752 of the 5,827. They 
represent, therefore, an important segment of our pro- 
fessional chemistry training program. We must be con- 
cerned with their health and well being. 

Any estimate of the number of teaching (and re- 
search) personnel concerned with chemistry in these 
schools is bound to be nothing more than a guess. 
Mattill,? in analyzing the research potential in the 
colleges, listed 997 teachers and full-time research per- 
sonnel in 279 liberal-arts colleges carrying on active re- 
search programs. If we assume that the other 426 have 
an average of two instructors each (which is not too far 
from the actual situation since it is probable that the 
larger and more research-minded schools answered the 
questionnaire—hence their average of 3.5 per institu- 
tion), then there must be at least 1,850 teachers of 


1 Presented at the 123rd Meeting of the American Chemical 
Society, Los Angeles, California, April, 1953. 
2 J. Cuem. Epuc., 29, 556 (1952). 


Help for the Little Researcher 


HARRY F. LEWIS 


The Institute of Paper Chemistry, Appleton, 
Wisconsin 


chemistry in the liberal-arts colleges of the country—a 
figure not very different from that of 2,070, which is the 
number of total teaching and full-time research per- 
sonnel, listed by Mattill, in the 104 major universities of 
the country. In fact, if we subtract the number of full- 
time research personnel from the university list, we 
would probably have about as many chemistry teachers 
in the arts colleges as in the 104 major universities. 
Incidentally, these 104 major universities provided the 
baccalaureate training for only twice as many Ph.D.’s 
in chemistry and biochemistry (3,417) as did the 
colleges (1,752). 

So we have better than 1,800 chemistry instructors in 
705 liberal-arts colleges. Of these, by the admission of 
their institutions in response to the questionnaire sub- 
mitted several years ago by the Engineering College Re- 
search Council and referred to by Mattill, only 415 were 
at the time engaged in research, although 868 were 
qualified by their institutions to do research. The 
committee of the Council which made the survey and 
prepared the report believe ‘that substantially all of the 
national potential for research in colleges and univer- 
sities in the physical and engineering sciences is re- 
ported” (Mattill). Does this mean that better than 
half, or almost. 1,000, of the chemistry instructors in our 
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colleges are actually not qualified to do research after all 
the years they spent doing graduate work? I do not be- 
lieve it. Over the last 23 years I have visited some 150 
liberal-arts colleges, many without active research pro- 
grams; I have come to know rather well a large percent- 
age of the instructors. I have talked with and before 
conference groups of chemistry instructors from many 
additional institutions on the contributions of research 
to their teaching programs. In all that time I have 
found only a limited number who would not be glad to 
carry on research if they had time, understanding help 
and guidance, and a limited amount of funds to support 
their research programs. This general observation is 
supported by the Bush report, which concludes from one 
sample “that 40 per cent of the liberal arts colleges are 
desirous of conducting research but lack the funds.” 
I believe it is possible to activate the research interest of 
many of these men and thus add to the research poten- 
tial of the country. An important by-product would be 
the subsequent and continued improvement in the 
quality and effectiveness of their academic programs, 
for I suspect that many departments carrying on little 
if any research are also departments contributing little 
or not at all to the baccalaureate training of our 
chemical Ph.D.’s. (There are some notable exceptions 
—Hiram College is one such.) 

Part of the difficulty is one of semantics. Research 
in the college and research in the university are not of 
necessity absolutely synonymous. Research in the 
university follows in general rather long-time programs. 
These often call for expensive equipment, which makes 
continuous attack by numbers of interested researchers 
rather essential. Some university research follows the 
research-team attack in order to utilize skills of a 
variety of types. Whatever the type, university re- 
search is generally “big research.”” Possibly the college 
man in filling out the E.C.R.C. questionnaire felt un- 
qualified for participation in “big research.”” College 
research is “little research”; the college man has to 
work when he can with what he has. College re- 
searchers “‘reconnoiter on the frontiers of science.” 
University researchers carry on sustained attacks in 
depth on a number of fronts. 

The actual results of a reconnoitering movement in 
the military sense warrant only a line in the com- 
muniqué. But add line to line, item to item, and a 
definite picture of use to headquarters results. The 
actual contribution of a college research program to the 
knowledge of a particular phenomenon may be so small 
as to prohibit its publication in the pages of our impor- 
tant chemical journals, although it may find its way into 
the archives of the State Academies of Science. Hart- 
man,* coiner of the term ‘Little Researcher,” says one- 
third of the articles in these journals are from the 
colleges. To the researcher, however, it is something he 
has achieved in his own laboratory with his own hands 
and brain; its accomplishment spurs him on to bigger 
and better things. I am indebted to Professor Garrett 


® Science, 108, 493-6 (1946). 
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of Ohio State University for an apt illustration of the 
situation. The researcher is like a boy standing in the 
dark; the extent of the darkness to the boy is just the 
circle of light around his head—but let him light a 
match, and the amount of the darkness is now magnified 
to the circumference of the circle illuminated by the 
match. The solution of one small problem inevitably 
leads to the identification of a half-dozen new problems, 
and once started our researcher finds it hard to stop. 
The real problem is how to get him started on even a 
small investigation, and that is my main concern. 

I think the answer to the simple question, ‘‘How get 
him started?”’ depends upon the answer to one of even 
more basic significance: ‘“‘Has he ever done research? 
If so, why did he ever stop?” It may safely be assumed 
that a large number of the 1,400 chemistry teachers in 
our liberal-arts colleges who have no research in progress 
have had graduate training, and many must have their 
Doctor’s degrees. It must be further assumed that the 
latter have demonstrated their research competence by 
their dissertations, or they would not have been success- 
ful in achieving the doctorate. Undoubtedly there are 
quite a number who have only the Master’s degree, but 
these individuals have all carried out smaller research 
programs in connection with the Master’s dissertation 
and so must have shown even a small amount of com- 
petence. 

If these assumptions are valid, we then must raise the 
question why some program has not been started or is 
not now being continued in the college. There are 
probably many answers to that question; I shall try to 
list a few. 


MONEY 


One certainly traces back to the financial situation of 
an instructor or even a full professor in a liberal-arts 
college; he cannot afford to do research. In these days 
when the average salary of a college chemistry in- 
structor is often considerably less than $3000 and of a 
full professor certainly not up to $5000, a man with a 
family cannot easily spend his non-teaching time in 
anything as financially nonproductive as research 
normally is. (In fact, these days we wonder that he is 
in teaching at all.) He has to be doing everything he 
can to bring his budget into balance and provide the 
necessary (and expensive) medical and dental care for 
his children. He may even have to coach the high- 
school basketball team or referee high-school and 
industrial-league basketball games—need I say, for pay. 
One of my friends maintained a herd of cows and ran a 
dairy in order to supplement his inadequate salary. 
Another is the city chemist and analyzes water and milk 
and controls the sewage disposal plant. He is poten- 
tially an unusual researcher. Another runs routine 
physical and chemical tests for a department store in a 
nearby community; another a soil-testing laboratory 
for the farmers. Still another one has a small church in 
the country and preaches on Sunday. Many of these 
men of course could have the summer free for research 
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(as my industrial friends often comment when talking 
about the easy life of a college professor), but can they 
research even then? Not by a jugful, for in the average 
college the three summer months are as barren of income 
as the Sahara desert is of speckled trout. So one hero 
has been forced to get a summer job in an Iowa corn- 
field to keep his children’s bodies and souls together 
(a recent Du Pont $2500 grant made to his college 
means that this particular chap will spend the summer 
of 1953 at research). Another one rents a piece of land 
and grows vegetables and cans the produce while on 
the side he works for one of the town’s non-union 
painters. (I might add he is not a good painter.) I 
could continue ad infinitum with similar illustrations. 

Some others stop doing research for lack of money to 
buy equipment. Practically all colleges have at least 
the bare equipment requirements for the laboratory 
work in the basic courses, but a research problem call- 
ing for specialized equipment is simply out of the 
question, even though the equipment might cost only a 
few hundred dollars. Colleges which have annual 
budgets larger than their endowments cannot take 
badly needed salary money to use for the purchase, for 
example, of an analytical balance of high sensitivity. 
I use this illustration purposely, for the Standard Oil 
Company of Indiana grant of $1000, of which half was 
available to the school for equipment, made it possible 
during this current year for one of the 14 colleges on 
their list to buy two balances of this type without 
penalizing its hard-won 100 per cent budgeted income. 
I know of one college which has had to put the stop sign 
on a research program because the next step calls for an 
infrared spectrophotometer. That of course calls for a 
lot of folding money. 

One more thought under the heading of finances. 
Men often quit doing research because of the lack of 
opportunity they have for talking over the things they 
are doing with others of similar interests. Attendance 
at meetings where they can share their experiences is out 
of the question by reason of transportation and sub- 
sistence costs; nor are the colleges always located 
within easy distance of their A. C. S. section head- 
quarters. In many cases, membership in the A. C. 8. 
itself is a luxury they cannot afford. In the end, the 
young instructor who entered the teaching profession 
with all kinds of enthusiasm for research finds it easier 
to stop trying to do research and satisfies his creative 
instincts by doing a “heads-up” job of teaching, or else 
he turns to wood carving or oil painting. 


TIME 


Somewhat related to lack of money as a reason is just 
plain lack of time. Many colleges with productive 
training programs, as measured by potential Ph.D.’s, 
operate two-man chemistry departments. In addition 
to carrying the full teaching load with its subsequent 
reports and papers to grade, the two men double as 
purchasing agents and storeroom keepers for the depart- 
ment, and often as experts for the college on matters 
having to do with the maintenance of the swimming 


JOURNAL OF CHEMICAL EDUCATION 


pool, the purchase of the cheapest and best floor waxes 
and detergents (or even their manufacture), the design 
of buildings (for in the eyes of the administration, 
chemists are practically engineers and engineers are 
practically architects), and sometimes as track coaches, 
I know one who did all of these things and at the same 
time published worth-while papers, but he had what it 
took. He soon became the head of a university chem- 
istry department, and so another good college teacher 
went the way of all flesh. These small schools frequently 
run ten-week summer sessions, and the chemistry men 
may find themselves having to teach physics or some 
other science in addition to chemistry, sometimes even 
serving as summer session administrators, for chemists 
are supposed to be good administrators, or as recreation 
directors for the summer-session students, for chemists 
are supposed to be resourceful. 


IDEAS 


Sometimes as important as lack of money or time asa 
cause for the drying up of the research urge is the 
difficulty a man often has in finding a good field in which 
to research. This is particularly true for men whose 
graduate course has failed to produce a real creative ex- 
perience, for in some graduate institutions the graduate 
student is little more than a pair of hands, and the pro- 
gram he follows in research is the program of the thesis 
chairman who is interested in increasing the number of 
his technical publications. When such a man is on his 
own, starting out in the department of a small liberal- 
arts college, he does not know where to turn for prob- 
lems. This is unfortunate. It may be even more 
difficult for the man who has been teaching but not re- 
searching for a period of time, for his thought processes 
have been following different and other well-defined 
channels. The graduate departments of chemistry in 
our 104 major universities owe it to their graduate 
students to make the thesis experience truly creative; 
it should be essential for the student to take the initia- 
tive in planning the research program of a selected topic 
(it’s wonderful where the topic is his own) and in 
carrying out the program in the laboratory with a 
minimum of supervision and direction. In addition the 
graduate student, on completion and acceptance of the 
thesis, should be required to write it up in a form suit- 
able not only for the shelves of the library as a doctoral 
dissertation, but also for the pages of the chemical 
journals as a publication. The university professor 
who holds up the publication of student dissertations 
for a period of years, while he is looking for time to 
write them in a form more suitable to his own publica- 
tion structure, is doing an injustice to the graduate 
student. 

There are other reasons why instructors stop re- 
searching, but in the main they relate to one of these 
three: money, time, or lack of ideas. 

Now back to our original question: “How get him 
started again in the research groove?”’—for this is just 
another way of talking about the ‘activation of the re- 
search potential.”’ 
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RESEARCH GRANTS 


For those who were forced to put off research because 
of the family pressures for increased income, the answer 
isobvious. Somehow their financial positions need to be 
improved to the extent of their needs; in most cases the 
amount required is not large. 

What about all the money that we hear is being made 
available from industry to academic institutions? Per 
K. Frolich reports this as $50,000,000 annually. Add 
to this grants for defense and related governmental re- 
search and quite a sizable sum would seem to be in- 
yolved. I agree with Hartman that “a small part 
should trickle down to the Little Researchers scattered 
widely over the country.” 

Grants made to liberal-arts colleges in support of re- 
search are certainly the exception rather than the rule, 
although a certain relatively small number of colleges in 
the east seem to be fairly well supplied with them. 
Further than that, what grants are made to liberal-arts 
colleges in support of research rarely include additional 
stipends for the faculty investigator or funds for the 
college to cover the actual overhead of the program. 

In contrast, the chemistry staffs of many universities 
have been besieged, indeed often bombarded, with offers 
for research fellowships, grants, consultation arrange- 
ments, defense projects, and the like, to the extent that 
the amount of such funds exceeds the production capac- 
ity of the professors, research assistants, and students. 
Many of these have been given under the mistaken 
notion that they are absolutely essential for the main- 
tenance of the Ph.D. production rate. Nothing could be 
farther from the actual situation at the present time, for 
lack of money for graduate students has little, if any- 
thing, to do with the slowing down of the registration 
of chemistry graduate students. It’s our under- 
graduate departments which somehow have not been 
able to sell their wares. It’s the undergraduate depart- 
ments which need the cultivation and the plant food. 
It’s time for a change in tactics. 

I should like to take this occasion to pay tribute to 
the support given over the years to the colleges by the 
Research Corporation. Since the organization of the 
Corporation, over 250 academic institutions, or a 
quarter of the total number located in all 48 states, have 
been aided by Research Corporation grants. I can give 
personal testimony to the effectiveness of these grants in 
building faculty morale and in increasing research and 
teaching productivity. The benefits are generally out 
of all proportion to the amounts. I know one small 
college in Iowa which has virtually gone through a re- 
birth under the influence of several relatively small 
grants from this source. Likewise the student and staff 
researches of Juniata College in Pennsylvania (and 
possibly their fine teaching record) certainly resulted in 
part at least from the grants made by the Research 
Corporation. It’s almost a truism to say that, wherever 
college research is in progress, the Research Corporation 
has been either the cause or a contributing factor. 


‘Ind, Eng. Chem., 30, 5367 (1952). 
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This is also the time and place to acknowledge the 
help given the colleges by recent grants made by the 
Standard Oil Company of Indiana, the Du Pont Com- 
pany, and others. The first comprise $1000 grants 
given to 12 Midwest colleges, half for help to an out- 
standing senior planning graduate work and half for the 
college. The Du Pont grants of $2500 each were made 
to 19 colleges over the country to aid in the improve- 
ment of their teaching and research programs. In the 
latter case, a fairly sizable sum could be made available 
to staffas added income; other like grants have been 
made or are being planned. The Du Pont plan should 
be put into action by industries all over the country. 

It would be difficult to imagine how far-reaching the 
effect would be in activating potential researchers, in 
improving teaching, and in stimulating a greater in- 
terest in chemistry among creatively alert students. 
There are only 700 liberal-arts colleges in the country, 
but there are many thousands of industrial organiza- 
tions using chemists or depending upon the productivity 
of chemical brains. Such grants would buy research 
time for the faculty men by making possible the doing of 
creative work either in their own laboratories or in the 
laboratories of universities. They might even make 
possible the employment of research assistants; they 
would certainly provide the means of purchasing equip- 
ment which is so much needed. They would not pro- 
vide additional instructional staff, however. Money of 
this kind is pump-priming money; after the man begins 
to publish, support from the established sources be- 
comes easier to get. 

As an illustration of the modus operendi of such a 
grant, let me illustrate by reference to the method 
followed at Hope College. Hope’s Chemistry Depart- 
ment, headed by Professor Van Zyl, has had an annual 
grant of $2500 each year for the past several years. 
This is used to finance a research program each summer. 
Part of the money goes to buy special equipment or 
chemicals required for the specific subject being inves- 
tigated during the summer period. Another part goes 
to pay summer research fellowship salaries to graduates 
of Hope College, currently doing university graduate 
work, to the extent of two or three summers. Un- 
fortunately these grants cannot be used for faculty 
stipend, but fortunately a stipend to cover the living 
expenses of staff men working on the project is provided 
by the College. The work done in this manner has 
already resulted in the publication of some five or six 
reports in the Journal of the American Chemical Society. 
The special equipment purchased becomes available for 
student and staff research and for class work during the 
academic year. I have already mentioned the Mon- 
mouth program indirectly. 

For the men who are operating on crowded time 
schedules throughout the year, there are even more 
modest industry-college projects, which are helpful in 
stimulating research on a joint student-staff basis. 
Thus, for example, the students of North Central 
College have been making homologous series of de- 
rivatives of the new organic intermediates put out at 
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frequent intervals by chemical companies; these are 
characterized on the campus and screened for possible 
interest in the industrial laboratories. A modest sum 
of money is available for the purchase of required 
materials, or these are supplied by industry. 

Work of this kind can be carried out in connection 
with special projects. Some years ago, students and 
staff at Cornell College joined together in developing 
methods and preparing large laboratory lots of chemi- 
cals used in one of the programs at Mellon Institute. 
Money was available to cover costs and, in addition, to 
add to the chemical equipment fund of Cornell College. 

There is still another way to get a research program 
going in a college. This involves replacing part of the 
conventional laboratory courses by special projects 
calling for independent program planning by the 
students, so as to carry on a minimum of experiments 
with a maximum of results. In a talk given before the 
Monmouth Conference, I pointed out the possibility of 
carrying out the laboratory courses as research projects. 
This is not new, for it was tried at Sarah Lawrence 
College in 1926 and in the Zoology Department at 
Illinois in 1940. My classes in organic chemistry at 
Cornell College in the twenties were doing the same 
thing. A modification of this is the independent study 
program in effect at the College of Wooster. Stafif- 
student publications regularly appear in the pages of the 
chemical literature from this program. This year there 
are 20 such projects going on in the Chemistry Depart- 
ment at Wooster. 


GETTING STARTED 


What do we do for the fellow who would do research 
but who does not know where to start? The answer 
here depends on the extent of his need. The man who 
has had little research experience may have to get a 
postdoctoral problem started with some member of the 
chemical staff of the state university, with a nearby 
industry, with a government laboratory, or with some 
research institute. At least one industry, the one I 
represent, has a published list of its unsolved problems. 
Many of these are rather difficult for college study with- 
out further enlightenment, and some are not adaptable 
to the available equipment of the chemistry laboratory, 
but there are some which fall in the category of suitable 
problems. A similar listing in the field of wood 
chemistry may be obtained from the Canadian Pulp 
and Paper Association. 

In this connection I visualize the chemistry depart- 
ment of the state university as having a very great 
opportunity of serving as the research catalyst for the 
colleges in its state, through research workshops, visits 
to the colleges by university research men, and the 
establishment of a positive program of summer fellow- 
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ships for research. The University of Iowa did the 
latter when I taught at Cornell College in the twenties, 
and may still be doing the same for all I know. 

Our prospective researcher might consider the possi. 
bility of arranging with an industrial organization or 
research institute to work on stipend in the research 
laboratories during the summer period. A_ limited 
number of college professors have worked in the re. 
search laboratories of The Institute of Paper Chemistry 
on a program of this type. ; 

This is a good place to refer to the stimulation of 
chemical research in small colleges in the south by visits 
of Emeritus Professor Kk. Emmett Reid of Johns 
Hopkins. For better than 13 years, ever since Dr, 
Reid retired from Johns Hopkins, he has been giving his 
services as a traveling research consultant to southem 
colleges and universities. During the year 1950-51 he 
had 11 colleges on his list. These were visited four 
times each year. The number included Birminghan- 
Southern, Emory, Furman, Georgia Institute of Tech- 
nology, Howard College, Marshall College, Stetson 
University, the University of Richmond, the University 
of Alabama, the University of South Carolina, and 
Washington and Lee University. He serves as re 
search advisor, not as research director, for programs 
which both staff and students carry on. As the result 
of his unusual service, better than 54 research publica 
tions have appeared, largely in the Journal of the 
American Chemical Society, and these have been of a 
high order of technical quality. The fine research pub- 
lication programs of both Emory and Furman Univer 
sities bear testimony to the effectiveness of the program. 
Would that there were more E. Emmett Reids around 
the country. I am sure that quite a number of geo- 
graphically related groups of liberal-arts colleges would 
be interested in a relationship of this particular type. 
The cost is low, but the activation level is extremely 
high. 

At the Monmouth Conference of Midwest College 
Chemistry Teachers last year an evening was devoted to 
talking about ways and means of research. Possibly 
sometime the Division of Chemical Education might 
arrange for an old-fashioned experience meeting with 
one college professor after another popping up to tel 
the how, why, and who pays of his own little kingdom a 
research. I firmly believe that if industry and govert- 
ment would spend an amount of time and money in the 
ratio of the Ph.D.’s coming from the colleges to the 
Ph.D.’s coming from the universities for the stimulation 
of research and the improvement of teaching in the 
colleges, the results would be just as spectacular as they 
have been in the universities. We might even try doing 
for some of the backward colleges what we have beet 
doing on the Point 4 program for foreign scientists. 
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A RESEARCH PROGRAM FOR MORE EFFECTIVE 


WeTEACHERS 


TEACHING OF COLLEGE CHEMISTRY’ 


Aw important function of the college is to teach. 
Robert Hutchins, ex-Chancellor of Chicago University 
says the “function of a college is to teach—not to con- 
duct scientific investigation or professional training. . . . 
It requires an excellent staff centering its attention on 
teaching and on improving its teaching. The re- 
sponsibility of adding to the world’s knowledge does 
not rest upon the college.”’? Certainly the whole re- 
sponsibility does not rest upon the college, but most of 
us will agree that discovery is a vital aspect of learning. 
It provides opportunity for discipline of the mind in the 
art of clear thinking and valid reasoning. It should 
and can be encouraged without detriment to teaching. 
Research vitalizes teaching, makes enthusiasm con- 
tagious, and brings the student from the static and dead 
to the dynamic and alive, and the joy of scholarship is 
born. Often a latent intellectual power in the student 
has been stirred. In a little hole in the wall or a new 
modern laboratory, as the case may be, is provided 
satisfaction for the intellect through the discovery of 
truth and organization in the physical universe. Here 
philosophical and religious values can be deepened and 
inspiration passed on to the student. Here as Hugh 
Stott Taylor has put it, is ‘“teaching and seeking.” 

Furthermore the college is concerned with intellectual 
achievement, that is, with knowledge. There are three 
aspects of knowledge: its preservation, its diffusion 
or teaching, and the discovery of knowledge or re- 
search. We preserve our knowledge in the library; 
teaching is supposedly our main activity; discovery 
is often restricted to universities. This should not be. 

Research is vital— without it there would be no know]l- 
edge to preserve or to teach. As never before we 
need new knowledge and with it an awareness of respon- 
sibility to God for our fellowmen. 

But where shall we get the workers for this task? 


' The authors are indebted to Research Corporation for a grant 
which helped to initiate the program. 

*Hurcuins, R. M., “No Friendly Voice,” University of 
Chicago Press, Chicago, 1936, p. 92. 


SISTERS M. CONSILIA HANNAN and MARIA 
CLARE MARKHAM 


Saint Joseph College, West Hartford, Connecticut 


Our college faculties have good research people, many 
times tied up with details of administration or person- 
nel. What a shameful waste of resources! The Amer- 
ican Chemical Society has been studying the so-called 
“man-power” shortage in the chemical world and rec- 
ommends a better utilization of existing technical chem- 
ical personnel. Is it an impossible dream to visualize 
each chemistry teacher as a part-time research worker? 
We think a combination of teaching and research the 
best program. If one is weary of papers and teaching 
a session in the laboratory or library may revive the 
spirit. And, vice versa, when research is stalemated 
concentration on teaching for a while may produce the 
answer. 

But the research program to be of most value must 
include the students. The independent planning of a 
scientific investigation does several valuable things for 
the prospective chemist as well as for the attitude and 
interest of underclassmen in the department. In ad- 
dition, the working out of an original problem gives 
both the faculty and the student an opportunity to 
determine the student’s aptitude for research work. 
It is a guide to the type of work to which the student 
should be directed after graduation or to the probability 
of his success in graduate school. It affords the faculty 
an opportunity to evaluate the student and to deter- 
mine what recommendation should be given to him. 

We have followed with interest the articles containing 
pros and cons for undergraduate research which have 
appeared in THIS JOURNAL and elsewhere. We take 
our stand with those who favor a research program as an 
integral part of the training of chemistry majors. In 
the course of any experimental problem many new tech- 
niques will be learned; but these are for the most part 
incidental learning. In our opinion the chief benefits 
the student derives from doing a research project are: 
(1) guidance in defining and limiting the scope of a 
problem, and in bringing all related knowledge to bear 
in predicting results and in planning the control of 
variable factors; (2) seeing analytical procedures in 
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their proper perspective as tools for the examination 
of hypotheses or the testing of theories; (3) learning 
to use reproducibility of results and consistency of data 
with the results of others as criteria of reliability; 
everyone’s results, if reproducible, are important and 
will either confirm or necessitate the revision of current 
theories, or at least indicate new difficulties to be met 
and overcome. 


OUR PROGRAM 


If suggestions for research problems are wisely chosen 
these results may not be trivial, but real contributions 
to scientific knowledge. In order to make the work 
meaningful in our program, we have selected research 
problems from one or two general fields in which faculty 
members are currently at work and vitally interested.’ 
These fields may be enlarged upon from year to year. 
The student’s problem is to be the complete develop- 
ment of some phase of the work which gives opportunity 
for originality and ingenuity on however limited a scale. 
The phase chosen must necessarily be limited, that is, 
it must be something on which it is possible to get re- 
sults of some value in a short time, but which offers 
possibilities for further development if the student 
becomes absorbed and wishes to spend extra time. 
Our general field of interest at the present is the study 
of oxidations involving molecular oxygen, both enzy- 
matic and those on oxide surfaces. The seniors have 
been investigating the oxidation of organic compounds 
on the surface of zine oxide in ultraviolet light. Two 
of them have studied the kinetics of the oxidation of 
p-cresol on zinc oxide. They compared the course of 
the reaction with the results that have been obtained 
by others in the oxidation of the same compound on the 
enzyme tyrosinase. They measured the rate of for- 
mation of hydrogen peroxide with different concentra- 
tions of p-cresol and found the optimum concentration 
to be 0.001 M, which is about the same as the optimum 
concentration on tyrosinase. They observed a pink 
coloration during the oxidation and wanted to see if it 
was identical with a similar pink color which they ob- 
served during the enzymatic oxidation and also during 
the auto-oxidation of orcinol. They obtained the ab- 
sorption spectra and concluded that the intermediate 
is similar to that formed in the auto-oxidation of or- 
cinol, but different from that obtained from the enzyme. 
A biology major interested in biochemistry has been 
carrying on an independent study of oxidation by this 
enzyme. Two other chemistry majors have studied the 
relative rates of oxidation of the benzene ring containing 
various directive groups. By correlating their results 
with Wheland’s theoretical work they think their re- 
sults can be interpreted as evidence of a free radical type 
of oxidation. 

Another student has investigated the total amounts 
of hydrogen peroxide formed from the oxidation of 
phenolic compounds initially in different states of oxi- 


MarkuaM, M. C., ann K. J. Latpier, J. Phys. Chem., 57, 
363 (1953). 
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dation, 7. e., phenol, the three dihydroxy compounds, 
catechol, hydroquinone, resorcinol, and the tri-hydroxy 
compound, pyrogallol. All the compounds produced 
about the same maximum amount of hydrogen peroy. 
ide, but at very different rates. The student explained 
her results quite satisfactorily in terms of polymerizg. 
tion of the intermediate radicals and the decomposition 
of hydrogen peroxide. We are very much interested 
in this work because it did not turn out as we expected, 
We thought phenol being in the lowest state of oxida 
tion would produce the most peroxide and _ likewise 
pyrogallol would give the least, but all gave about the 
same amount. Weare extending this investigation and 
if the results are published this student will be a co- 
author. The students have presented their results in 
the Natural Science Seminar at the college and at the 
Connecticut Valley Scientific Conference at Smith 
College. 

We favor the use of free time for the carrying out of 
the research project, time that otherwise might be 
spent on other extracurricular activities. We suggest 
a minimum of three hours of actual laboratory work per 
week for about three-fourths of the senior year before 
the pressure of comprehensive examinations and com- 
mencement week activities becomes too great. We feel 
that this eliminates all strain about the work and leaves 
the student free to develop it as little or as much as de- 
sired, since the problem is to be of such a nature that at 
least some positive conclusions can be reached by intel- 
ligent work in the time suggested as a minimum. The 
student’s approach to the problem and her resource- 
fulness and thoroughness in carrying it out are consid- 
ered as part of her comprehensive examination. It is 
difficult to assess the caliber of a student as a real sci- 
entist from academic standards alone, or even from the 
performance of standard laboratory experiments. 
These give only a limited measure of real interest in 
ferriting out truth for truth’s sake which must be the 
basic attitude of the genuine scientist. 


PREPARATION FOR RESEARCH 


Besides this senior research program, in certain of the 
other undergraduate courses we attempt to orient the 
thinking and experience of the student toward the goal 
of being able to do some real research in the senior year. 
For example, in the second half of the general chemistry 
course all freshmen, not only chemistry majors, are 
invited to plan and carry out their own experiments dur- 
ing the last two laboratory periods. Since most of 
the laboratory work in Chemistry 11 is devoted to the 
identification of the various groups and ions, they 
are encouraged to make their projects analyses. Many 
choose for analysis small metal objects such as buttons, 
jewelry, type metal; others decide to try inorganic 
compounds in medicinal preparations, tooth paste or 
powder, soft rocks or minerals; some obtain alloy 
samples from hardware manufacturing companies; 
some reduce food materials to ash and analyze for in- 
organic materials. They look up suitable procedures 
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and adapt them to their particular needs. For instance, 
a freshman familiar with the usual group separation of 
eations was devising a procedure for analyzing type 
metal. She made the discovery that when she dis- 
solved the sample in nitric acid a white residue was left, 
which she recognized as tin, since the text had pointed 
out that it was one of the very few metals that would not 
dissolve in nitric acid. She decided to modify the usual 
group procedure and separate the tin at this point. 
This enabled her to get an unambiguous test for anti- 
mony in Group ITB without going through the whole 
procedure. If she had had the complete analysis of 
type metal in quantitative analysis, the text would have 
given these directions and she could have followed them. 
The experience would not have been half so valuable 
as the confidence she gained in her own ability to inter- 
pret unforeseen results and modify her plans accord- 
ingly. We would certainly not advocate performing all 
analytical chemistry in this fashion, but a little expe- 
rience of this sort will give the student a new understand- 
ing of the whole procedure and a greater appreciation 
of the directions other people have worked out. Some 
of these freshmen made slides of their results and pre- 
sented their projects at a science meeting for high- 
school students conducted by the chemistry and biology 
clubs. 

In the second half of the organic chemistry course 
every student is required to look up the synthesis of 
an organic compound in the literature, to compare meth- 
ods for vields, and to select or modify a procedure ac- 
cording to the apparatus and raw materials available. 
They then carry out the synthesis during the labora- 
tory period. In organic chemistry also they are re- 
quired to do a term paper each term, one which involves 
the following up of the research of an eminent organic 
chemist, and the other a complete literature search on a 
particular organic compound or group of compounds. 

In both qualitative and quantitative analysis stu- 
dents do a complete literature search on methods of 
analyzing for some element or complex ion. There- 
fore, they are expected to be thoroughly acquainted 
with the literature before they come to their senior 
research program, for then all the literature which has 
a bearing on their experimental problems must be cov- 
ered and understood. 

We do not, of course, insist that all senior research 
projects must be experimental, but in our opinion an 
original piece of work on interpretation or criticism of 
reports in the literature or theoretical problems are 
more difficult than a laboratory investigation. There 
are a considerable number of problems, such as calcu- 
lating bond energies in molecules from kinetic and ther- 
mochemical data found in the literature, which we 
would favor as a type of library research. 
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CONCLUSION 

Students who are engaged in the research program 
think they are getting much from it. One writes, 
“During the time spent working on the chemistry re- 
search project, I have begun to realize what is meant by 
a scientific investigation. Before any actual work is 
begun a systematic procedure must be outlined, solu- 
tions to be used must be carefully prepared. Results 
are to be examined in the light of influential factors 
previously discovered or theoretically anticipated.” 
Another wrote: “The main value of a course in re- 
search chemistry, in my opinion, is that it acquaints 
one with the general plan of attacking a scientific 
problem. Any problem in research is bound to become 
tremendously involved: this is to be expected. The 
undergraduate course teaches the student how to limit 
the scope of his problem, and without getting lost in the 
various side-tracks, still to be aware that they exist and 
must be investigated, at least enough to see how much 
they affect the course of the reaction.” 

Many of the students learned how to apply special 
types of apparatus such as the Warburg apparatus, the 
pH meter, and the spectrophotometer, to their prob- 
lems; they also learned many time-saving laboratory 
techniques. These things they correctly evaluated as 
incidental learning. For most of them the examination 
of data from the viewpoint of its correlation with other 
work and not merely for its reproducibility was a new 
and valuable experience. All enjoyed working on an 
independent problem; most of them felt that they 
would benefit by more frequent meetings and discus- 
sions during the course of the work and we intend to 
incorporate more informal discussions next year. Most 
of them appreciated being able to arrange their own 
time and not being held to a definite number of hours a 
week, although some thought they would have done 
more if it had been an accredited course. However, 
in our opinion, that would spoil the freedom of working 
chiefly for the sake of interest and would detract from 
the attitude toward research which we should like to 
develop. In many cases students begin in kinder- 
garten working for “gold stars” and continue through 
college still struggling to complete a task and attain, 
not the reward of true scholarship, but a few credits. 

Thomas Aquinas in the disputation, ““De Magistro,”’ 
emphasizes the vital role of discovery in learning. He 
says knowledge is acquired in two ways—by discovery 
and by teaching. The student can learn from instruec- 
tion, but the teacher should begin to teach in the same 
way the discoverer begins to find out. Thus, we think, 
the teacher must know the way of discovery which is 
the way of research, and must encourage the students 
in their endeavors along the same line. This is the 
sine qua non of effective teaching. 


| 
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To the Editor: 

Your ‘“Editor’s Outlook” in the April issue merits 
a comment. I agree with you that “the teaching of 
chemistry in the high school is more intimately a part 
of teaching in the high school than it is a part of the 
profession of chemistry.” I also agree that the New 
England Association of Chemistry Teachers is the ideal 
type of organization to serve the needs of both college 
and high-school chemistry teachers. Why, then, are 
the high-school teachers ‘‘beginning to lose out even 
in such an organization as this?” I have some answers 
to propose to this question. 

The first and most obvious answer is economic. 
The salaries paid to high-school teachers make it 
necessary to choose pretty carefully the organizations 
which we will join. Attendance at meetings is usually 
too expensive to be considered. Most of us find it 
necessary to take a summer job in order to make both 
ends meet. This rules out attendance at the NEACT’s 
Summer Conference. I would not rate this as the 
most important answer to our question—but it is 
obviously an answer. 

The second answer stems from the educational 
structure. I teach in a four-year high school of 350 
pupils. There are only a baker’s dozen of public 
high schools in New Hampshire which are larger than 
that. I teach both physics and chemistry. This fact 
cannot help leading to a division of time for preparation 
and for background reading. There are only a hand- 
ful of teachers in New Hampshire who teach only 
chemistry. The typical teacher of chemistry also 
teaches two other subjects. He may also be principal 
of his school. He may coach a major sport. He cer- 
tainly is involved in some extracurricular activity. 
Who would be so fatuous as to expect a routine like 
that to engender any loyalty to the profession of 
chemistry? Who would expect this teacher to have the 
ability, the time, or the inclination to read any of the 
articles in the publications of the American Chemical 
Society or most of those in the JouRNAL OF CHEMICAL 
Epucation? And yet, here is the teacher who starts 
the embryo chemist on his way. 

The third answer goes back to the philosophy of 
teacher preparation. The teacher of college chemistry 
is judged by his proficiency in his subject. The inde- 
pendent schools have followed this line and look for 
Phi Beta Kappa keys and advanced degrees when 
choosing their teachers. Since the NEACT member- 


ship is drawn largely from these two groups, the 
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emphasis at meetings of the organization is on subject. 
matter proficiency. In the training of public-schog 
teachers, the emphasis is on teaching proficiency, 4 
superintendent recently informed me that 
teacher could teach anything. His viewpoint was 
somewhat extreme, but illustrative of the thinking jy 
the public-school field. The result is that high-schog| 
teachers as a group are more interested in improving 
their teaching and in making their course more interes. 
ing than they are in furthering their own scholarly 
attainments in their subject-matter field. Actually, ] 
have found teachers anxious to improve their teaching 
and willing to go to some expense and trouble to this 
end. The fact is, however, that a magazine which 
contains much calculus or a speaker who insists upo 
establishing his erudition with high-sounding gobble. 
degook both give the high-school teacher a feeling of 
inferiority. One does not repeat the exposure to either 
if one can help it. 

What can be done about it? What can be done to 
produce more and better scientists for the days ahead? 
May I suggest the following: 

(1) Articles which are informative, and not too 
technical, like the one on synthetic fibers in the April 
issue of the JouRNAL and the one on the metric system 
in the January issue are very helpful. They serve as 
background material for the teacher and also as enrich- 
ment material for the able student. Could a way be 
found to get a wider circulation of these and similar 
articles? The National Science Teachers Association 
sends a quarterly packet of material to several thousand 
high-school science teachers. Possibly some industrial 
concern which is interested in the future supply of 
chemists, as well as in reducing its federal income tax, 
would make the reprints available to the NSTA. 

(2) Many high-school teachers are required to take 
s'immer-school or extension courses in order to retain 
their certificate to teach. The only chemistry courses 
which are available are the regular professional courses. 
These are not designed to improve teaching proficiency 
and are hence avoided by most teachers. Why not 
try a course called “General Chemistry for Teachers” 
which would be designed to fit the abilities and the 
needs of those enrolled. Or possibly a workshop type 
of course which would allow the teacher the opportunity 
to get help with techniques as well as subject matter. 

(3) The Journat or CuemicaL Epucattion has 
published over the years a wealth of lecture-demon- 
stration material. This material is not easily available 
to most chemistry teachers. If it could be made 
available in inexpensive form, it would furnish 4 
valuable tool in the improvement of chemistry courses 
in high schools. The same would be true of a collection 
of the articles on the lives of famous men of science. 

(4) As I have indicated, some of the causes of the 
difficulty which is under discussion are economic and 
social. Most high-school science teachers are not paid 
enough so that the job attracts able men. Most high 
schools are so small that a teacher’s abilities are spread 
too thin over too much subject matter. Both these 
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defects can be remedied in time, if enough people will 
it so and do something about it. There are national 
organizations working toward these ends at the present 
time. The National Education Association is an 
example. The NEA has long stood for improvement 
in public education. And yet, how many college 
chemistry teachers have shown their concern for the 
quality of our educational product by joining the 
NEA? I venture to guess that the number would be 
of the order of magnitude of the number of New Hamp- 
shire secondary-school teachers who are members of 
the NEACT. 

The problem of starting more youngsters on the 
road to a career in chemistry will demand careful 
planning and concerted action by all interested parties. 
Improved teaching in secondary schools is certainly 
amust in this program. No plan to bring this improve- 
ment about will be effective unless it starts with the 
felt needs of the teacher himself. I have tried to 
outline some of those needs. 


ALGER S. Bourn 
FraNKLIN ScHoo. 
FRANKLIN, NEw HAMPSHIRE 


To the Editor: 

A model and its properly drawn perspective picture 
are unambiguous entities. A projection drawing is 
another matter. To so define an object, the principles 
of orthographic projection require three views cor- 
responding to the X, Y, and Z axes of solid geometry. 
When, then, as in the representation of configurational 
formulas, only one view is used in a projection drawing, 
it is necessary to lay down and follow some “rules of 
the game.” Such rules were proposed by Emil Fischer 
[Ber., 24, 2683 (1891) ], 62 years ago, and have since 
been well recognized and employed by qualified in- 
vestigators concerned with their use. These rules or 
conventions have been again detailed in recent years 
by C. S. Hudson [Advances in Carbohydrate Chem., 3, 
1 (1948)] and in the published nomenclature com- 
mittee reports on carbohydrates and amino acids 
appearing in Chem. Eng. News, 26, 1626 (1948), 30, 
4522 (1952), 31, 1777 (1953). It is therefore extremely 
disconcerting to note the employment of the incorrect 
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convention in a long and didactic article entitled 
“Aspects of isomerism and mesomerism. I. (a) 
Formulas and their meaning” by Richard L. Bent 
appearing on page 223 of the May, 1953, issue of the 
JOURNAL OF CHEMICAL Epucation. It is high time 
that American chemists either familiarize themselves 
with these simple usages or discontinue writing about 
them. 
MELVILLE L. WoLFROM 


Tue Onto StaTe UNIVERSITY 
OHIO 


To the Editor: 

Georg Lockemann and Ralph Oesper published a 
very useful article on the history of chemical laboratory 
instruction in the April issue of the JouRNAL OF 
CHEMICAL Epucation. There is a widespread belief 
among chemists who are interested in history that 
Justus Liebig was the first teacher to open a laboratory 
for the instruction of students; and I have even heard 
a professor of history of science in one of our great 
universities say in a lecture that the significant fact 
of Liebig’s life was that he had originated laboratory 
instruction. 

Actually, laboratory instruction came about by a 
slow process of evolution, the evolution being governed 
by the rate of advancement of chemistry, by its in- 
creasing complexity, by the cost of chemicals, appa- 
ratus, and laboratory construction, and by the demand 
for chemists by industry. 

Student laboratories were first opened in Europe, 
and finally reached the United States around 1810— 
fifteen vears before Liebig opened his laboratory at 
Giessen. 

The history of laboratory instruction has been a 
neglected field, and fundamental research must be 
done on the subject before worth-while generalizations 
can be made. But the article by Lockemann and 
Oesper will at least help to bring to an end the common 
error that Liebig founded chemical laboratory instruc- 
tion. 

WynpHaM MILEs 
Historical OFFICE 


ArMY CHEMICAL CoRPs 
EpGEwoop, MARYLAND 


‘ 


e RADIOISOTOPES IN INDUSTRY 


Edited by John R. Bradford, Director, Radioisotopes Laboratory, 
Case Institute of Technology, Cleveland, Ohio. Reinhold Puk- 
lishing Corp., New York, 1953. vii + 309 pp. Illustrated. 
15.5 X 23.5cm. $8. 


Tuis is by far the best and most informative treatment on the 
subject to appear to date. It is a good text for the industrial 
man who has been hearing about the use of these atomic energy 
by-products, the radioisotopes, but doesn’t know how they can 
be applied to the problems of his own company and has little 
knowledge of what is involved in their use. The ‘“experts’’ in 
the field will also find it valuable in broadening their appreciation 
of topics and applications outside their particular specialities. 

The make-up and layout are conductive to easy and compre- 
hensive reading. The publisher claims that the book has been 
written with a minimum of mathematical treatment and with a 
few exceptions this is true. Generous use of pictures, graphs, 
diagrams, and sketches throughout the text has upped the price 
but it is well worth it. In many instances they clinch a descrip- 
tion, an application, or a point on facilities and handling tech 
niques that twice as many written words would have failed to do. 

’ “Radioisotopes in Industry” is not, however, without its short- 
comings. It is a collection of papers presented at a conference 
of the same name at Case Institute of Technology in April, 1951. 
It has been the aim of the 15 or so contributing authors as well 
as the editor to incorporate as many of the new developments as 
possible that have occurred since the time of the conference. 
Yet the rapidity with which the industrial use of radioisotopes is 
developing makes this impossible. Many of the new applications 
not included, however, are based on the same principles described 
in the text, principles which all new users will want to become 
versed in before setting out to apply the isotope technique to 
their own particular situations. 

As the editor points out in his preface, “In a book consisting 
of papers written by various persons, it becomes increasingly diffi- 
cult to eliminate all repetitious material. Certainly this book 
is no exception.” Although there is some repetition, it is my 
guess that this won’t disturb the reader as much as the apparent 
contradictions between the views of various authors, especially 
as regards proper techniques and facilities for handling radio- 
active materials of various kinds and quantities. 

By using generalities some of the authors appear to have not 
given proper perspective to the health-safety problems associated 
with the industrial use of radioisotopes. The use of small 
quantities of radiomaterials as tracers in industrial research 
and development requires one set of criteria for safe handling. 
The use of larger quantities, especially if they are to be used out- 
side the confines of the laboratory, requires a more rigid set of 
criteria. However, even if a comparatively large amount of 
radiomaterial is to be used as a sealed source and there is no 
possibility of a contamination problem, the criteria will again 
be quite different. These differences will not be made sufficiently 
apparent to some readers. 

In Chapter 4, for example, Otto Glasser of the Cleveland 
Clinic indicates that ‘“(Isotope) applicants should pass a rigid 
medical examination as well as a special examination for possible 
contamination. Hands should be carefully inspected for possible 
earlier radiation injuries. Special attention should be paid to 
the blood count and sperm inspection. These examinations should 
be repeated every year and, in case of accident, blood counts 
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should be made every three months.’’ Also, in Chapter 7, 
Thomas B. Lanahan of 8. Blickman, Inc., in discussing the han- 
dling of one-millicurie levels of such soft beta-ray emitters as 
carbon 14, ealeium 45, and sulfur 35, states that “floors should 
be designed of a material which has very little cold flow, is acid. 
resistant, replaceable and easy to clean.’ Later he points out 
that, “walls in new construction should be designed as metal 
partitions coated with an acid-resistant paint.”’? In a subse. 
quent discussion of 1-millicurie to 1-curie levels of a beta-ray 
emitter such as phosphorus 32, the author shows a picture of an 
Argonne-type hood with air lock, working arrangement. with 
remote-control valve, dish-washing hood unit, and remote control 
water-valve sink. 

Many readers will undoubtedly infer from these two chapters 
that the hazards associated with handling radioisotopes and the 
necessary facilities for coping with these hazards most certainly 
preclude any wide applicability or versatility for the isotope 
technique. 

On the other hand, Donald R. Ward of the Oak Ridge National 
Laboratory points out in Chapter 8 that “a radiochemical labora- 
tory is similar to a regular chemical laboratory in most respects, 
Provisions must be made for performing such processes us mixing, 
heating, cooling, precipitating, filtering, and ultimately measuring 
assay samples for radioactivity. The radiochemical program 
should not be intermixed with nonradiochemical work. Separate 
facilities should be provided and, if possible, separate rooms 
should be set aside for radiochemical work. The number of 
rooms required will depend upon the type of isotopes used and 
the levels of activity required.” S. Allan Lough of the Isotopes 
Division, U. 8. Atomic Energy Commission, reminds the reader 
that “although laboratory workers use radioisotopes in many 
different ways, control of radioactivity is rather easily maintained 
under conditions prevailing. The work is easily isolated from 
other activities, access to areas containing radiomaterials can be 
limited to authorized, trained persons, and doors can be locked 
when responsible parties are absent.”’ 

At this point the reader may have changed his mind about the 
complexities of health safety but still may not be able to evaluate 
the problems correctly. More experienced readers will realize 
that the facilities required and the handling procedures recom- 
mended in most instances will be a balance of safety, economy, 
and convenience. The emphasis to be placed on each of thes 
factors will depend on the particular conditions surrounding each 
individual application. It is important that the reader appreci- 
ate that. the facilities pictured for some of the AEC laboratories 
are not indicative of his needs as an industrial user of much 
smaller quantities of radioactivity. 

It would be impossible to pick out all the uniquely valuable 
features of the book. Bradford’s comments on radiation-de- 
tection methods, fission, and principles of the tracer method, 
Glasser’s discussion of tolerance dose, external radiation, and 
internal radiation, Rosenblum’s review of tracer methodology. 
and Fluharty’s cookbook treatment of some of the analytical 
techniques and pitfalls involved in isotope work are but a few. 

“Radioisotopes in Industry” compiles a lot of information that 
has never before been assembled in one place. People using radio- 
isotopes in industrial investigations as well as in physical and 
and chemical research will find it a valuable reference. 


EDWIN A WIGGIN 
U.S. Aromic ENerGy ComMMIssION 
Oak RipGe TENNESSEE 
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* A TRAIL OF RESEARCH 


Vincent du Vigneaud, Professor of Biochemistry, Cornell 
University Medical College. Cornell University Press, Ithaca, 
New York, 1952. xiii +191 pp. Slfigs. 39tables. 16 X 23.5 
cm. $3.25. 


Tue trail started when an attempt was made to determine 
the structure of insulin. The trail soon led to side problems, 
some large, others small; at times the trail was continuous, 
occassionally it branched. The trail is the thoughts that went 
into 25 years of research on biochemical compounds containing 
sulfur. Professor du Vigneaud, constantly giving credit to 
those who worked with him, writes an extremely interesting ac- 
count of his work. The material was first presented for the 
Messenger Lectures given at Cornell University in 1950, and 
later put in book form. 

The first problem reported was the study of the chemistry of 
insulin. It led to the investigation of peptides in complicated 
proteins and finally to the sulfur-containing amino acids. By 
investigating how methionine could replace cystine in the diet, 
the role of homocystine was found. This soon led to the concept 
of transulfuration. The description of the use of deuterium, and 
later radioactive carbon and sulfur, is well done. 

The part that methyl groups played in the conversion of 
homocystine to methionine is taken up under “Labile’’ methyl 
groups. Were methyl groups oxidized and other oxidized prod- 
ucts reduced, or did transmethylation occur? Again, isotopes 
were used to show that methyl groups were transferred intact. 
Soon other methyl donors were studied to see how they partici- 
pated in transmethylation. 

Attention was later turned to the proteins and protein-like 
hormones from the anterior lobe of the pituitary gland. The 
last section deals with the oxytocic (uterine-contracting) and 
vasopressin (blood-pressure-raising) hormones. The amino 
acid composition was studied by ion exchanges and chromatog- 
raphy. 

Throughout the entire book the actual methods used are given. 
It is of interest to the reader that as soon as a new technique was 
developed, it was to be found serving its useful purpose in the 
laboratory of Dr. du Vigneaud. Should the reader wish more 
information on any phase of the material covered in this text he 
will find adequate references, many of which were added after 
the lectures were given. Thus the book is up to date. 

“The Trail” was interesting reading for this reviewer. 
quite sure it will be for all. 


He is 


ARTHUR FURST 
STaNnrorD UNIVERSITY SCHOOL OF MEDICINE 
San Francisco, CALIFORNIA 


* ORGANIC SYNTHESES. VOLUME 32 


Richard T. Arnold, Editor-in-Chief. John Wiley & Sons, Inc., 
New York, 1952. vi+119 pp. 15.5 X 23.5cm. $3.50. 


Tuts is the 32nd annual volume of the series of satisfactory 
methods for the preparation of organic chemicals. This volume, 
like previous ones, gives the equations for the reactions, pro- 
cedures for production with accompanying notes, and other 
methods of preparation for 45 different organic compounds. 
Four of these syntheses are new and presumably better than those 
published in earlier volumes, nine are of such general applica- 
bility that the number of specific syntheses is thereby increased 
to more than 20. The directions have been contributed by 61 
different collaborators, located in 32 universities and colleges, 
three government laboratories, and six industrial laboratories, in 
addition to members of the Editorial Board. The suggested 
directions have been further checked or verified by competent 
referees, 

Preparations are listed under common names and Chemical 
Abstract indexing names for: Abietic acid, Acrolein acetal, 


Alloxan monohydrate, 2-Aminobenzophenone, e-Aminocaproic 
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acid, 1,1'-Azo-bis-1-cyclohexanenitrile, 8-Bromoethylphthalamide, 
tert-Butyl hypochlorite, 1-Chloro-2,6-dinitrobenzene, p-Chloro- 
phenyl salicylate, §-Chlorovinyl isoamyl ketone, Cyanogen 
iodide, 3-Cyano-6-methyl-2(1)-pyridone, 1,2-Cyclohexanedione- 
dioxime, Cyclohexene sulfide, Cyclopentadiene and 3-Chloro- 
cyclopentene, 2,4-Diamino-6-hydroxypyrimidine, 2,2-Dichloro- 
ethanol, 1,1'-Dicyano-1,1’-bicyclohexyl, 1,2-Di-1-(1-cyano)-cy- 
clohexylhydrazine, Diethyl A*-cyclopentenylmalonate, Diethy!] 
ethylidenemalonate, Dimethy! acetylenedicarboxylate, 4,6-Di- 
methylcoumalin, 5,5-Dimethyl-2-pyrrolidone, asym-Dimethy]- 
urea, a,a’-Diphenylsuccinonitrile, 2-Ethylhexanonitrile, Ethyl] 
orthocarbonate, 1,1 ’-~Ethynylene-bis-cyclohexonol, Flavone, Iso- 
dehydroacetic acid and Ethyl isodehydroacetate, S8-Ketoiso- 
octaldehyde dimethyl acetal, Methyl p-acetylbenzoate, Methyl- 
glyoxal-w-phenylhydrazone, Methyl y-methyl-y-nitrovalerate, 
Naphthalene-1,5-disulfonyl chloride, Neophy] chloride, Phenyl- 
acetamide, Sodium nitromalonaldehyde monohydrate, 8-Tetra- 
lone, Thiobenzoic acid, and 10-Undecynoic acid. 

The cumulative subject index comprises all material included 
in Volumes 30 to 32 inclusive of the series. This volume, as 
usual, is printed in clear and legible type, substantially bound 
to withstand rigorous laboratory use, and in general meets or 
exceeds previous standards of the series. The unique selection 
and applicability of the syntheses included makes the collection 
considerably more valuable than a hasty examination of its 
table of contents might indicate. Al] research minded organic 
chemists and industrial and university libraries will continue to 
purchase and use this latest addition to a valuable series. 


RALPH E. DUNBAR 
Nortu Dakora Srate 
FarGo, Nortu Dakota 


# COLLOID SCIENCE. VOLUME I: IRREVERSIBLE 
SYSTEMS 


Edited by H. R. Kruyt, President of the Central National Council 
for Applied Scientific Research in the Netherlands. Elsevier 
Publishing Co., Houston, Texas, 1952. xx + 389 pp. Illustrated. 
17.5 X 26cm. $ll. 


Tuis volume is the first of two volumes on the subject. planned 
by a group of Dutch scientists during the war. By the accident 
of circumstance, the second volume appeared well ahead of the 
first, but the subdivision of subject matter is such as to make the 
earlier appearance of the second volume of no disadvantage to 
the importance of the first. 

The general plan of this work was to give an up-to-date treat- 
ment of colloid science, based as largely as possible on quanti- 
tative relationships and modern interpretation. It was recog- 
nized that much of the past history of the subject has been de- 
voted to qualitative and empirical treatments, often of a very 
unsatisfactory nature. The subdivision of colloid science into 
irreversible and reversible systems, the subjects of Volume I and 
Volume II, respectively, is offered as a great improvement over 
lyophobic and lyophilic or suspensoids and emulsoids. Doubt- 
less this subdivision is an improvement in classification, but it 
appears not to have as much flexibility as could be desired since 
there are large borderline groups, such as the proteins that do 
not appear to fit accurately either definition. 

The criterion of reversibility used is given in the preface as, 
‘.. .colloid systems which can undergo phase change or phase 
separation reversibly... .”’ 

While it was not attempted to produce an exhaustive work, 
the result is adequate for many purposes, though a few important 
subjects have been scantily treated. 

It should be observed that Volume I, although introduced as 
the composite work of several authors, is in fact a book written 
by Professor J. Th. G. Overbeek with only an introduction by 
Kruyt and a short contribution of 25 pages on optical properties of 
colloidal solutions by G. H. Jonker. 

After the general introduction, designed to establish the frame- 
work within which colloid science will be treated, there follows a 
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good standard account of lyophobic systems. The next chapter 
by Jonker on Optical Properties of Colloid Solutions is defective in 
that it gives no recognition to Debye for his recent contributions 
that have assumed such importance in the optical determination 
of particle size. 

Chapter IV, Electrochemistry of the Double Layer, though 
its mathematics may appear forbidding to some, is a welcome ad- 
dition to the literature. 

Klectrokinetic Phenomena is a natural subject to follow the 
treatment of the double layer. 

The Interaction Between Colloidal Particles, Chapter VI, is 
one of the high lights of this volume, bringing together much 
important literature. 

The last three chapters on Kinetics of Flocculation, Stability 
of Hydrophobic Colloids, and Rheology of Lyophobic Systems 
for the most part cover old material in standard fashion with 
some new perspective. The last chapter is probably the low 
point in the book, giving no mention of the extensive work of 
Eyring on non-Newtenian flow and covering such subjects as 
thixotropy, rheopexy, and syneresis in a sketchy and unsatis- 
factory manner. 

Taking the work as a whole the reviewer considers it to be an 
important and timely contribution to colloid science, and one 
destined to set a standard for succeeding efforts. 


SAMUEL S. KISTLER 
University or UTAH 
Savt Lake City, UTan 
e SEMIMICRO LABORATORY EXERCISES IN GENERAL 


CHEMISTRY 


J. Austin Burrows, Professor Emeritus of Chemistry, Paul 
Arthur, Professor of Chemistry, and Otto M. Smith, Professor 
Emeritus of Chemistry and Director, Research Foundation, all of 
the Oklahoma Agricultural and Mechanical College. Second 
edition. The Macmillan Co., New York, 1952. xviii + 302 pp. 
33 figs. 20.5 X 27.5 cm. Paper bound. $3.50. 


A NUMBER of changes appear in this second edition of what is 
rapidly becoming the standard manual for semimicro laboratory 
work in general chemistry. These changes have been made in 
accordance with replies to a questionnaire sent to a number of in- 
stitutions where the first edition of the manual is in use. Ac- 
knowledgment is made to 21 of these institutions in the preface 
to the second edition. The 21 institutions are listed by name. 

Changes appearing in the 1952 edition include simplification 
and clarification of some of the directions for performing experi- 
ments, the addition of a few completely new exercises, and the 
inclusion of a completely new set of practice problems in the 
appendix. 

The authors are to be commended for their concern over the 
need to teach students to apply fundamental principles of chem- 
istry. A number of experiments toward the end of the book dis- 
play this concern in an unmistakable fashion. 


BENTLEY EDWARDS 
Cuico State 
CALIFORNIA 


CHEMICAL CALCULATIONS 


George I. Sackheim. University of Illinois, Chicago Under- 
graduate Division, Navy Pier, Chicago, 1951. 201 pp. 215 x 
27.5 cm. Paper bound. 2.25. 


For a number of reasons, this book on chemical calculations 
appears to be wholly admirable. In the first place, most chem- 
istry teachers will agree that the emphasis placed on the use of 
dimensions and on the use of significant figures in all of the worked 
examples is sound. Another admirable feature is the provision 
for plenty of practice with certain difficult concepts such as atomic 
structure, valence, nomenclature, and the like. In the explana- 


tions and worked examples involving these concepts, the impact 
of recent revisions in theoretical chemistry is carefully consid- 
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ered. In both the verbal and the mathematical reasoning included 
in the worked examples considerable care is exercised with the 
logic. 

In spite of its 200 pages, this book does not include problems 
on such topics as the colloidal state, the half-life of radioactive 
materials, or any but the most elementary problems involving 
the use of ionization constants.!_ On the other hand, there ig q 
fairly complete review of the calculations included in the stand. 
ard course in high-school chemistry. 

Pages of this book are typed, then photographed for reproduc. 
tion. 

Answers are given to most, but not all, the problems in the 
various assignments. 

Tables provided are adequate for the solution of the problems 
that are assigned. 


BENTLEY EDWARDS 
Cuico State COLLEGE 
Cuico, CALIFORNIA 


oa CELLULOSE: THE CHEMICAL THAT GROWS 


William Haynes. Doubleday & Co., Inc., Garden City, 
New York, 1953. 386 pp. Illustrated. 14.55 K 22cm. $4. 


Wuat is this chemical that grows, that is the ideal raw material, 
that forms the basis of so many of the things used today? That 
is the question which Williams Haynes answers in the story of the 
cellulose industry from the age of Marco Polo to the present. 
In this tale the reader will find Edison, Ménard, Cross, Nobel, 
and Count de Chardonnet. Cellulose is a bewitching material 
and an exceedingly complex substance, so complex that even to- 
day experts disagree as to its exact chemical structure. Out of 
this extraordinary material come plastics, rayon, nylon, lacquers, 
explosives, a ‘global economy of abundance for all mankind.” 
There is probably no have-not cellulose nation. Mr. Haynes has 
included a concise glossary, a chronology of events associated 
with cellulose, and appendixes of statistical and technical data, 
but with all this and the fact that “Cellulose” is the first book 
in Doubleday’s American Industry Series, it is a fascinating and 
lively story with the same William Haynes flavor in “The 
Stone That Burns,” “This Chemical Age,’’ and “‘American Chemi- 
cal Industry: A History.” 


GRETA OPPE 
Batu ScuHoou 
GALVESTON, TEXAS 


FIVE-MEMBERED HETEROCYCLIC COMPOUNDS 
WITH NITROGEN AND SULFUR OR NITROGEN, 
SULFUR, AND OXYGEN (EXCEPT THIAZOLE) 


L. L. Bambas, Parke, Davis and Co., Detroit, Michigan. Inter- 
science Publishers, Inc., New York, 1952. xi + 403 pp. 72 
tables. 16 X 23.5 cm. Single copy, $14; subscription price, 
$12.60. (One of a series of monographs, “The Chemistry of 
Heterocyclic Compounds,’ Arnold Weissberger, Consulting 
Editor.) 


Tuts volume is made up of three unrelated divisions: the first 
is a 211-page review of the thiadiazoles; the second a very short 
section on five-membered rings containing nitrogen, sulfur, 
selenium, or oxygen atoms in addition to one sulfur and one 
nitrogen: the third a 154-page description of benzisothiazoles and 
benzisosulfonazoles. Selenium analogues are covered, immedi- 
ately following the corresponding sulfur compounds. Each 
section 1s subdivided into small, closely related classes of com- 
pounds, and within these subdivisions the treatment is as follows 
first a complete but noncritical review of the literature, 
second a more critical discussion if the section is extensive or 
presents controversial points, and third a a tabular survey of prepar- 


1 Eprror's Nore: A revised edition has recently been announced which 
contains two chapters on electrochemistry and nuclear reactions resp2ctively: 
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ative methods for all known examples of each class, In general, 
the compounds dealt with are neither common nor under active 
investigation at the present time; notable exceptions are the 
sydnones and saccharins. 

In his preface, the author has commented that one can hardly 
be an authority on a subject as broad as that of this book, and 
has warned the reader to be critical rather than passive in accept- 
ing the interpretation of the facts to be found here. However, 
for most of the compounds there is insufficient information avail- 
able for a critical appraisal, and the choice of Dr. Bambas, a 
chemist with wide experience in the general field of hetero- 
cyclic chemistry, as the author was a wise selection. One might 
wish that improbable bicyclic structures were presented less 
often and that a more complete discussion of the sydnone type of 
structure for these compounds were included. A discussion of 
the various tautomeric forms of many of the compounds along 
the lines laid out by Arndt | Angew. Chem., 61, 397 (1949)] would 
also have been welcome. However, these are minor criticisms, 
and the important task of reviewing the literature has been done 
very well. 

The book is well printed and has relatively few trivial errors. 
Inclusion of a great many structural formulas makes interpreta- 
tion of the reactions far easier than it otherwise would be. The 
handling of the complex nomenclature is very good. 

This volume should be in all chemical reference libraries, and 
will be especially important for those interested in this and re- 
lated phases of heterocyclic chemistry. 


THOMAS L. JACOBS 
UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


@ METHODEN DER ORGANISCHEN CHEMIE. VOLUME 
Vill 


Edited by Eugen Miiller, Tubingen. Georg Thieme Verlag, 
Stuttgart, Germany, 1952 (U. S. agents: Grune & Stratton, Inc., 
New York). xvi + 775 pp. 17.5 X 26.5cm. DM 98. 


Ir Is an opinion received by many, that organic synthesis is 
best attained through frenzied motions in the laboratory, pro- 
fane exclamations, and larger volumes of reagents. Professors 
of the subject, who will neither enlarge nor abuse their ignorance 
with such vulgar sentiments, will greet with delight and applaud 
the merits of the alternative ways described in the fourth edition 
of “Methoden der organischen Chemie.”’ The third edition of 
this great work appeared about 20 years ago and enjoyed a repu- 
tation as a source book that had no equal for information on lab- 
oratory methods of synthesis. This new edition will be much 
enlarged; the editors plan 14 volumes of approximately 700 
pages each. These volumes will be published during the next 
four years. 

This series begins with Volume VIII entitled, ‘“Sauerstoffver- 
bindungen III’? which is divided into six sections. The first 
section, by R. Crieger, deals with the preparation and reactions 
of peroxides (74 pages). S. Petersen and H. F. Piepenbrink con- 
tributed the chapter on simple derivatives of carbonic acid used 
in syathesis (163 pages). Section three, by P. Kurtz, is concerned 
with nitriles, isonitriles, and fulminie acid (112 pages). H. 
Henecka and E. Ott, in the fourth section give a detailed discus- 
sion of carboxylic acids and decarboxylation (144 pages). Hen- 
ecka is also the author of section five on esters (144 pages) and 
co-author with Kurtz of the last chapter of 68 pages dealing with 
functional N-derivatives of the carboxy] group. 

Each chapter exhibits a sustained high level of performance. 
The references are scattered impractically through German, 
American, and British sources and seem to cover the literature 
through 1951. With two exceptions, the authors are associated 
with Farbenfabriken Bayer. The entire work has also received 
the editorial attention of Eugen Miiller, Otto Bayer, Hans 
Murwein, and Karl Ziegler. This has resulted in an agreeable 
combination of the points of view of both the academic and in- 
dustrial laboratories. 
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It is the considered opinion of the reviewer that this publica- 
tion is a very significant contribution to the literature on syn- 
thetic organic chemistry and that it will be received with the 
heartiest feelings of approbation. 


GEORGE HOLMES RICHTER 
Tue Rice InstiruTe 
Houston, Texas 


6 PIGMENT CELL GROWTH 


Edited by Myron Gordon, New York Zoological Society. Aca- 
demic Press, Inc., New York, 1953. 365 pp. Illustrated. 
15.5 X 23.5cm. $7. 


Tuts book consists of the Proceedings of the third conference 
on the Biology of Normal and Atypical Pigment Cell Growth, 
organized by Myron Gordon and held at the New York Zoological 
Park, November 15, 16, and 17, 1951. The conference was at- 
tended by a notable group of specialists, in all aspects of this 
field, and both the papers and the discussions are included in the 
volume. 

Merely to list the:authors and titles of the papers, 22 in num- 
ber, would exceed the space alloted to a review. Furthermore 
the great diversity of subject matter covered in these papers 
makes a comprehensive review impractical. The great interest 
in the pigment cell arises from the fact that it is easily identified 
by a specific product, melanin, which can be seen under the micro- 
scope in cytoplasmic granules. It has thus been possible te follow 
this type of cell in development and in differentiation with reason- 
able assurance. The occurrence of melanomas in man and in 
experimental animals makes the pigment cell particularly im- 
portant in cancer research. The papers in this volume deal with 
the chemical structure of melanins, the enzymes involved in 
melanin production, the nature of the cytoplasmic granules and 
their appearance under the phase contrast and the electron 
microscope, the history of the pigment cells in the development. 
of the chick and salamander, genetics studies on the fish and fowl, 
and studies on tumors in fish, mouse, and man. 

The book is well edited and indexed. The bibliographies are 
excellent and the photography remarkably well reproduced. 
It represents an extremely useful and satisfactory survey of a 
biological field in which a synthesis of material derived from many 
diverse approaches is rapidly becoming possible. 


J. WALTER WILSON 
Brown UNIVERSITY 
ProvipENcE, 


INSECT PHYSIOLOGY 


Edited by Kenneth D. Roeder, Tufts College. John Wiley & 
Sons, Inc., New York, 1953. xiv + 1100 pp. 257 figs. 55 
tables. 14 X 23cm. $15. 


Because of the ubiquity of insects and their tremendous 
economic importance, insect physiology has developed much faster 
than corresponding studies in any other invertebrate phylum. 
No adequate American text existed heretofore and the present 
book is intended to fill this gap. It is written by a panel of au- 
thors. This has the advantage that most fields have been cov- 
ered by experts with years of experience in their specialty. It 
has in common with many similarly organized books a certain 
lack in uniformity both in presentation and quality. In this re- 
spect it hardly lives up to the well-known British textbook of 
Wigglesworth. It goes, however, into considerably more detail 
than the latter and, as a newer book, would naturally be more up 
to date. 

The material is presented in 32 chapters. The first three 
(54 pages) are an excellent description of the structure and the 
properties of the integument, especially the cuticle. Chapters 


4 and 5 (92 pages) deal with the respiratory mechanisms and 
the respiratory metabolism. They, clearly, belong to the weaker 
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ones. It is, for instance, difficult to find in them concrete data 
on the respiratory rates of various insects which easily could 
have been tabulated, and there are probably few physiologists 
who would agree to the statement that the anaerobic metabo- 
lism is “less time-consuming” than the aerobic one. The dis- 
cussion of the physiological properties and chemical composition 
of the blood, on the contrary, is outstanding in its thoroughness 
and balanced presentation of the data, as is the discussion of the 
internal environment in regulation (chiefly osmoregulation) and 
metamorphosis (2 chapters, 71 pages). There follows a brief 
chapter (14 pages) on hemocytes, pericardial cells, and fat body. 
Though not too familiar with this particular field, the reviewer 
feels, and this has been corroborated by a consulted specialist 
that many worth-while data have been omitted in this contri- 
bution. The next chapter is somewhat longer (40 pages) and 
represents a very clear description of the circulation. The ali- 
mentary system and its functions, including the general problem 
of insect nutrition, is thoroughly covered in 5 chapters (110 
pages). Two brief chapters on excretion and biochemistry of 
the muscle (16 and 18 pages, respectively) follow, the latter, 
owing to a scarcity of specific information on insects, being pri- 
marily a general discussion of intermediate metabolism. The 
electrophysiology of the nervous system and the mechanism of 
reflex activity are well presented in two chapters (65 pages). 
Nearly a hundred pages deal with sensory functions and these 
four chapters appealed to the reviewer as especially well written. 
Very instructive and complete (3 chapters, 79 pages) is the ac- 
count of the flight mechanisms, as is the description of insect 
behavior (4 chapters, 124 pages). The last four chapters (153 
pages) are devoted to the embryonic and postembryonic develop- 
ment, including regeneration and the role of hormones in molting 
and metamorphosis. The book has an extensive bibliography 
(107 pages with at least 2500 entries) which serves also as author 
index and an adequate subject index. The type is pleasing to 
the eye and all figures are well reproduced. 

There can be little doubt that, on the whole, the book fulfills 
the aim of the editor to “summarize and evaluate the major 
trends in experimental research on insects.”” He is frank in 
admitting that some topics, such as luminescence or the physi- 
ology of the reproductive tract, have been omitted, but he does 
not explain his reasons for doing so. The book will doubtless be 
valuable not only to the professional entomologist, but also to 
comparative physiologists and biochemists; even psychologists 
and flight engineers may find parts of it interesting and useful 
reading. 


THEODOR VON BRAND 
NaTIONAL InstiTuTES Or HEALTH 
BetHesDA, MARYLAND 


* CHEMICAL CONTROL OF INSECTS 


T. F. West, J. Eliot Hardy, and J. H. Ford. John Wiley & Sons, 
Inc., New York, 1952 (Frontiers of Science Series. General Edi- 
tor, Bernard Lovell, Chapman & Hall, Ltd., London, 1951). xi + 
21l pp. 44 figs. 16 tables. 145 18.5 cm. $3.25. 


UnrortTuNaTELy, the publication date of this book is mis- 
leading. Originally published in 1951 (London), the present 
American 1952 edition has not been changed. The authors state 
in preface that they have surveyed the ‘main insecticides em- 
phasizing the more modern developments’; in these respects 
the book is disappointing for it is out of date. It is apparent from 
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the text that the manuscript was prepared prior to 1948, with 
some chapters restricted to 1946 for latest references. These 
gaps are large when one considers the striking developments jn 
this field during the past five years. 

The book is concerned primarily with the destruction of insects 
by chemical methods, and includes well-designed chapters on the 
insect and the outline of pest control; fumigation, ten types or 
classes of insecticides, repellents and attractants, and weed con- 
trol (because ‘‘the elimination of weeds as alternative host plants 
for insect pests is of considerable interest”? to the practical en- 
tomologist) constitute the remainder of the book. 

Resistance or tolerance of insects to insecticides is not men- 
tioned, although first reports of resistance were published prior 
to 1943 (HCN against Calif. red scale, tartar emetic against 
citrus thrips) and more instances have appeared since 1947 to 
the point that this phenomenon is often expected to occur with 
insecticidal materials. Among the organo-phosphorus insecti- 
cides only HETP and parathion are included, and the systemic 
insecticides as such are not mentioned though they were first 
reported in 1947. 

In general, the book is uniformly well written but highlighted 
at the level of the layman (viz., definition of stereochemical, 
page 168). There are interesting and reasonably complete ac- 
counts of nicotine, the rotenoids, arsenicals, coal-tar derivatives, 
pyrethrum, “Lethanes” and “Thanite,’’ and miscellaneous in- 
secticides including sabadilla, fluorine, and sulfur compounds, 
Fumigants are discussed in two chapters (stored products, soils) 
but ethylene dibromide is included in neither. Each chemical is 
considered as to history, chemistry, methods of application, and 
the species of insects affected. Modes of action of the insecti- 
cides are not considered adequately, despite citation to Metealf’s 
excellent review of this subject. 

Specifically, a number of errors both typographical and textual 
are apparent, as for example: page 24, line 7, it is not clear 
whether the authors meant “hibernation,” ‘‘aestivation,”’ or “Jib- 
eration’’; page 43, structure for methally] chloride incorrect; page 
48, line 18, “Pinner” and not ‘Penner’; the structures for nico- 
tine, page 50, are not consistent with the statement on page 49 that 
B-nicotine is the laevorotatory form and a-nicotine is the dextroro- 
tatory form; page 50, line 15, “‘mil.’”’ is incorrect (see also p. 
123, line 34); page 62, the H at position 5 is unnecessary in 
drawing an aromatic ring; page 72, CaHSO, is acid calcium ar- 
senate; page 74, mention is not made of the use of sodium sili- 
cate solution for removing arsenic-containing residues from fruits; 
page 76, line 21, crude oils are classed according to preponderance 
of paraffinic or naphthenic character, but not based upon residue 
after distillation; page 77, line 23, the iodine number is not com- 
monly used in this manner; page 80, line 17, the interpretation 
is correct except for the role of the aromatic ring content; page 
80, line 22, the experimental work on spray oils is of a practical 
nature; page 96, equation incorrect; page 108, formulas for 
sodium fluoaluminate incorrect: page 111, precise name and 
structure for parathion incorrect; page 119, line 1 reason for 
efficiency of chloropicrin not verified; page 139, line 12, formula 
incorrect; page 139, line 17, ‘‘S’’ refers to “special’’ (see page 
143); page 148, borneol and isoborneol are stereoisomers; 
page 145, the discussion of the mode of action of BHC is contrary 
to the statement in line 10 here; page 172, this picture of the 
mode of action of BHC is no longer tenable. 


FRANCIS A. GUNTHER 
UNIVERSITY OF CALIFORNIA 
Crrrus ExPeRIMENT STATION 
RIVERSIDE, CALIFORNIA 
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CONTENTS— 


Foreword (by P. Debye). 1. Equation of 
State of the Ideal Gas. 2. Kinetic Treatment 
of Gases. 3. Determination of Avogadro's 
Number. 4. Van der Waals’ Equation of State. 
5, Electrical and Optical Properties of Mole- 
cules. 6. The Solid State. 7. Lattice Structure 
of Crystalline Matter. Crystal Symmetry. 8. 
Symmetry Properties of 2- and 3-Dimensional 
Structures. 9. X-Ray Analysis of Crystal Struc- 
ture. 10. Applications and Results of X-Ray 
Analysis. 


11. Classical Theory and Quantum Theory 
of the Specific Heat of Gases. 12. Quantum 
Theory of the Specific Heat of the Ether (Ra- 
diation Theory). 13. The Specific Heat of 
Solids. 14. First Law of Thermodynamics. 15. 
Thermochemistry. 16. Second Law of Thermo- 
dynamics for Reversible Changes of State. 17. 
Gibbs’) Thermodynamic Functions. Conse- 
quences of the Fact that dS is a Total Differ- 
ential Capillary. The Gibbs-Helmholtz Equa- 
tion. 18. Vapor Pressure. Solubility. Laws of 
Dilute Solutions. Concentration Elements. 19. 
Electrochemistry. Thermodynamic Treatment 
of Chemical Equilibrium in Gases, with the 
Help of van’t Hoff’s Reaction Vessel. 20. Sec- 
ond Law of Thermodynamics Applied to Irre- 
versible Processes. Conditions of Physical and 
Chemical Equilibrium. Gibbs’ Phase Rule. 21. 
Equilibria in One Component System, Treated 
by the Method of Chemical Potentials. Un- 
sharp Phase Transitions. 22. Chemical Poten- 
tials of Components of a Mixture of Ideal 
Gases; Application to Affinity of Gas Reactions 
and the Chemical Equilibria in Gases. Equi- 
librium between Condensate and Saturated 
Vapor of a Single Substance. Some Thermo- 
dynamic Calculations. 23. Nernst’s Heat 
Theorem. 


24. General Properties of Solutions. Par- 
tial Molar Quantities. Ideal Solutions. Non- 
ideal Solutions. External Forces. Phase Bound- 
ay Phenomena. Kinetic Theory of Adsorption 
Equilibrium. 25. Debye-Hiickel Theory of 
Strong Electrolytes. Electrokinetic Phenomena. 
Colloid Chemistry. Theory of the Diffuse 
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Atomic Model of Rutherford and Bohr. Quan- 
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A new approach to physical chemistry! 


By A. J. RUTGERS 
University of Ghent, Belgium 


Available soon 
815 pages 137 illus. 92 tables 


Professor P. Debye states in his foreword .. . 


“This new book of Rutgers covers its subject very com- 
pletely. Some parts of it are clearly Physical Chemistry in the 
classical sense of the work, others might perhaps be more aptly 
described by calling them Chemical Physics. The book covers the 
range: from the classical laws of Thermodynamics to their statistical 
interpretation; from the principles of Newtonian Mechanics to those 
of Quantum Theory. 


“It treats the behavior of molecules and its interpretation in 
terms of molecular structure, based on their reaction in an electro- 
magnetic field or on their mutual reaction in more condensed sys- 
tems. Gases, liquids, mixtures, and solids are treated; four chapters 
are devoted to a description of the characteristics of the crystalline 
state and detection of its structure by x-ray analysis. 


“A detailed consideration of ionic and non-ionic solutions, 
of the laws of chemical equilibrium and of reaction rates finds its 
place. The atom is dissected as well with respect to its electronic 
structure as to its nucleus. 


“The real reason, however, why I am much pleased to have 
been given an opportunity to write a few words of introduction to 
Rutgers’ book does not follow from the fact that it is so complete. 
Above all I am delighted by the method of presentation. 


“The development, after the introduction of any new sub- 
ject, is never presented as an example of strictly logical deduction 
from experimental evidence, carefully arranged post factum. Nor 
is it derived as a logical consequence of a mathematical formulation, 
appearing seemingly from nowhere at the very beginning of the 
argument. 


“The sequence is described as it really happened, with his- 
torical truthfulness and the idea is developed from its inception 
concurrently with its mathematical formulation from its starting 
point to the end. This, it seems to me, is the way to convey to the 
uninitiated reader that our science is essentially an art which could 
not live without the occasional flash of genius in the mind of some 
sensitive man, who, alive to the smallest of indications, knows the 
truth before he has the proof.” 
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558 pp $5.50 McGraw-Hill. (#41) Bowe: 
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WISTAR, RICHARD. Man and His Physical Universe: tion 1950 500 pp $3.75 The Macmillan Co. (#45) 
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ENERAL CHEM 594 $5.50 e Macmillan Co 

HOP INS AnD BAILAR. General Chemistry for Colleges. 4th 

BABOR, JOSEPH A. Basic College Chemistry. 2nd Edition Edition 1951 704pp $6.00 D.C. Heath and Company. 
1953 "766 pp $5.00 Thos. Y. Crowell Co. (#21) ; : #48) 
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BABOR, JOSEPH A., ann LEHRMAN, ALEXANDER. F undamentals of College Chemistry. 1951 536 pp $4.50 
General College Chemistry. 3rd_ Edition 1951 800 pp American Book Company (#50) 
$5.50 Thos. Y. Crowell Co. (#23) LAUBENGAYER, ALBERT W. General Chemistry. 1949 

BABOR, JOSEPH A., ann LEHRMAN, ALEXANDER. In- 528 pp $5.00 Rinehart & Co., Inc. (#51) 
troductory College Chemistry. 2nd Edition 1950 814 pp or R. H. Problem Book for General Chemistry. 1951 
$5.00 Thos. Y. Crowell Co. (#24) 170 pp $2.00 McGraw-Hill. (#52) 

BARKER anp GLASOE. First Year College Chemistry. 1951 LONG. *. ANDERSON. Chemical Calculations. 5th Edi- 

501 pp $5.00 McGraw-Hill (#25) tion 1948 402pp $4.50 McGraw-Hill. (#5 53) 

BARNI TT, E. DEB., anv WILSON, C. L. Advanced Textbook LUDER, WM. F., VERNON, ARTHUR A., ZUFFANTL, 
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MODERN VALENCY THEORY 


By G. I. Brown, Eton College. A simple guide and summary, covering such 
main topics as atomic structure, extra-nuclear electrons, valency bonds, 
electrovalent bonds, covalent bonds, experimental methods, internal di- 
mensions of crystals and molecules, resonating molecules, and the hydrogen 
bond. July 1953. 176 pp. Figs. $2.50. 


ADVANCED TEXTBOOK ON INORGANIC 
CHEMISTRY 


By E. de B. Barnett, formerly of the University of London, and C. L. Wilson, 
Queen’s University, Belfast. For the general advanced course and for gen- 
eral review. April 1953. 512 pp. 6% by 10”. 32 figs. 20 tables. 
$7.00. 


ORGANIC CHEMISTRY 


By E. E. Turner and M. M. Harris, both of the University of London. A 
general survey of the development and present state of the subject; a test 
for the student and a refresher for the specialist. 1952. 904 pp. 62 by 
10”. $10.00. 


PHYSICAL ASPECTS OF AIR PHOTOGRAPHY 


By G. C. Brock, Royal Air Force. Practical discussion of use of chemical 
and physical knowledge in obtaining clearest possible resolution of ground 
detail. 1952. 267 pp. 6% by 10”. Figures and plates. $11.00. 


FLUORESCENCE OF SOLUTIONS 


By E. J. Bowen, Oxford University, and F. Wokes, Photoelectric Spectros- 
copy Group. Apparatus, absorption and emission of light, excitation, 
kinetics of quenching, identification, measurement, and interpretation of 
results. Oct. 1953. 96 pp. 6 by 9”. Plates. $4.00. 


ADVANCED TREATISE ON PHYSICAL CHEMISTRY 


By J. R. Partington, University of London. In six volumes, 62 by 10”, 
figures and tables: 


Vol. I, Properties of Matter and of Gases. 1949. 943 pp. $16.50. 

Vol. Il, Properties of Liquids. 1951. 448 pp. $10.00. 

Vol. III, Properties of Solids. 1953. 639 pp. $14.00. 

Vol. IV, Optics and Doelectrics. Nov. 1953. About 700 pp. About $12.00 


Lougmans, Green aud Tue. 
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be HASKINS, JOSEPH FREDRIC, ann VERHOEK, FRANK 
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MEYER. Introductory Chemistry. 1951 532 pp $5.00 The 
Maemillan Co. (457) 


MORSE. College Chemistry. 1947 260 pp $4.00 The Mac- 
millan Co. (#58) 
MYSELS, KAROL J., ann COPELAND, CHARLES S. Intro- 
duction to the Science of Chemistry. 1952 521 pp $4.75 
Ginn & Co. (#59) 
PARKS, LYTLE RAYMOND, anp STEINBACH, WARREN 
H. Systematic College Chemistry. 1952 692pp $5.50 The 


Blakiston Co. (#61) 
LINUS, PAULING. College Chemistry. 1950 715 pp $5.00 
W. H. Freeman and Company. #62 
RICHARDSON, LEON B. AND SCARLETT, ANDREW J. 
Brief College ‘Chemistry. ’ (Revised Edition) 1951 470 pp 

$4.65 Henry Holt and Company 


(#63) 

RICHARDSON, LEON B., SCARLETT, ANDREW J. 
General College Chemistry. 4th Edition 1947 704 pp oo 
64 


Henry Holt and Company. (# 
ROUTH, JOSEPH I. an Chemistry. 1953 686pp $5.75 
W. B. Saunders Co. (#65) 


SELWOOD, PIERCE W. General Chemistry 1950 681 pp 
$5.50 Henry Holt and Company. (#66) 
SISLER-STEWART. Systematic Laboratory Course in General 
Chemistry. 1950 395pp $3.00 The Macmillan Co. (#67) 
SISLER, VANDERWERF anp DAVIDSON. College Chemistry 
—A Systematic Approach. 1953 623 pp $5.25 The Mac- 
millan Co. (#68) 
SISLER, VANDERWERF anp DAVIDSON. 
Chemistry. 1949 870pp $5.50 The Macmillan Co. 
SNEED, M. CANNON, anp MAYNARD, J. LEWIS. General 
gy Chemistry. 1944 861 pp $5.00 D. Van Nostrand 
(#70) 
SORUM, C. H. How to Solve Problems in General Chemistry. 
1952 '160 pp $1.85 Prentice-Hall, Inc. (#71) 
SPICER, W. M., TAYLOR, W.S., ano CLARY, J.D. General 
Chemistry Problems. 1943-120 pp $2.25 John Wiley & 
Sons, Inc. (#72) 
STONE. H. W., ann McCULLOUGH, J. D. Experiments, 
Theory and Problems of General Chemistry. 1953 349pp $5.50 
McGraw-Hill. (#73) 
SYRKIN, Y. K., anpD DYATKINA, M. E. Structures of Mole- 
cules and the Chemical Bond. 1950 519 pp $9.75  Inter- 


science. (#74) 
TIMM, J. A. General Chemistry. 2nd Edition 1950 764 pp 
$5.50 McGraw-Hill. (#75) 
WHITTAKER, ROLAND M. Rudiments of Chemistry. 1947 
310 pp $3. 00 The Ronald Press Com any. (#76) 
YOUNG, L. E., ann PORTER, C. W. General Chemistry. 3rd 


Edition 1950 640pp $5.50 Prentice-Hall, Inc. (#77 


GENERAL CHEMISTRY LABORATORY MANUALS 


BABOR, JOSEPH A., ano LEHRMAN, ALEXANDER. Lab- 
oratory Studies in College Chemistry. 1952 227 pp $2.50 
Thos. Y. Crowell Co. (#78) 

BABOR, JOSEPH A., ann LEHRMAN, ALEXANDER, Se- 
lected Experiments i in College Chemistry. 1953 125 pp $1.50 
Thos. Y. Crowell Co. (#79) 

BARKER, J. W., anp GLASOE, P. K. Laboratory Manual for 
First Year College Chemistry. 1951 186 pp $3.00 Mce- 
Graw-Hill. (#80) 

BELCHER, J. E., ann COLBERT, J. C. Properties and Nu- 
merical Relationships of the Common Elements and Compounds. 
Edition 1953 366pp $3.00 

BOGERT, L. JEAN. Laboratory Manual of Chemistry. (Pub- 

lished to accompany the Bogert “Fundamentals of nee 

196 pp $1.50 W. B. Saunders Co. (#82) 
na SOL, GANTZ, E. ST. CLAIR, ano RICE, C. N. 
General Chemistry Laboratory Manual. 1950 243 pp $2.50 
Houghton-Mifflin Co. (#83) 

BRISCOE, H. T. HUNT, HERSCHEL, anp WHITACRE, F. 
M. A Laboratory Manual of General Chemistry. 2nd Edition 
1945 326 pp $2.75 Houghton-Mifflin Co. (#84) 

BURROWS, ARTHUR anp SMITH. Semimicro Laboratory 
Exercises in General Chemistry. 2nd Edition 1952 302 pp 
$3.50 The Macmillan Co. (#85) 

CORNOG, JACOB. Semimicro Experiments in General Chemis- 
try. 1947 217 pp $2.70 Ginn & Co. 

DAMERELL. Laboratory Exercises in College Chemistry. 
1952 im pp $1.75 The Macmillan Co. (#87) 
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DEMING, H. G., ann ARENSON, S. B. Ezercises in General 
Coomaat and ‘Qualitative Analysis. 5th Edition 1945 275 
$3.00 John Wiley & Sons, Inc. (#88) 

E DER, ALBERT L., SCOTT, EWING C., KANDA, FRANK 
A., AND BURTT, "BENJAMIN P. Laboratory’ Manual 
for General Chemistry. (Revised Edition) 1948 244 pp 
$3.00 Harper & Brothers. (#89) 
FERNELIUS, W. CONRAD, GARRETT, ALFRED B., anp 
QUILL, LAURENCE L. Fundamentals’ in Chemistry for the 
— (Revised Edition) 1950 367 pp $3.00 Ginn 


0. (#90 
FRANTZ, HARPER W. A ey Study of Chemical Prin 
ciples. 1948 280pp $2.50 .FreemanandCo. (#91) 
GARRETT, ALFRED BENJAMIN, HASKINS, JOSEPH 
FREDRIC SISLER, HARRY HALL, AND KURBATOV, 
MARGARET H. Essentials of Experimental Chemistry, 
1951 326pp $3.00 Ginn & Co. (#92) 
HENDERSON, EVERETTE L. Ezperimental Studies in 
Basic College Chemistry. 1951 246 pp $2.50 Thos. Y, 
Crowell Co. (#93) 
JONES, W. NORTON, JR. Laboratory Exercises in Inorganic 
Chemistry. 1947 315 pp $2.75 The Blakiston Co. (#94) 
G, W. B. Semimicro Experiments in General Chemstry. 
1941 288pp $2.75 Prentice-Hall, Inc. (#95) 
KING, W. B., FREY, P. © at. Laboratory Manual for College 
Chemistry. 1953 300 pp $2.75 Prentice-Hall, Inc. (#96) 
LAUBENGAYER, ALBERT W. Laboratory Manual and 
Problems in General Chemistry. 1949 229 pp $2.50 Rine- 


hart & Co., Inc. (#97) 
MALM, LLOYD E., ano FRANTZ, HARPER W. College 
Chemistry in the Laboratory. 1950 368 pp $3.00 W. H. 
Freeman and Company. (#98) 
MARKHAM, E AND SMITH, SHERMAN. General 
Chemistry Problems. (Form A) 1942 190 pp $2.00 Hough- 
ton-Mifflin Co. (#99) 
MARKHAM, E. C., anp SMITH, SHERMAN. General 
Chemistry Problems. (Form B) 1945 190 pp $2.00 Hough- 
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MAYNARD, M. CANNON, 
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Nostrand Co., Inc. 

MEYER. Laboratory Manual to Introductory Chemistry. 1951 
114pp $1.75 The Macmillan Co. (#102) 

MORSE, STANLEY W. Chemical Symbolism and Calculations. 
2nd Edition (Revised and Enlarged) 1953 141 pp $2.00 
The National Press. (#103) 

MORTON, J. R., CLIPPINGER, D. R., anp EBLIN, L. P. 
A Laboratory Program for General Chemistry. 1944 272 pp 
$2.40 Houghton-Mifflin Co. (#104) 

NECHAMKIN, HOWARD. Laboratory Problems in General 
Chemistry. 1953 271 pp $2.50 Thos. Y. Crowell Co. 
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NECKERS, J. W., ABBOTT, T. W., ann VAN LENTE, K. A. 
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RICHARDSON, LEON B., anp SCARLETT, ANDREW J. 
Laboratory Manual for Brief College Chemistry. (Revised 
Edition) 229 pp Paper-bound $2.00 Henry Holt 
and Compa (#107) 
RICHARDSON, LEON B., ann SCARLETT, ANDREW J. 
ag Manual for General College Chemistry. 1947 260 
Paper-bound $2.20 Henry Holt and Company. (#108) 
skEWOOD, PIERCE W. Experiments in General Chemistry. 
1950 186 pp Paper-bound $2.20 Henry Holt and 7109) 
sILVERMAN, ALEXANDER. Selective Experiments in Gen- 
eral Chemistry. ng ng Edition) 1942 310 pp $4.00 
D. Van Nostrand Co., Inc. (#110) 
TIMM anv NEAL. Laboratory Exercises in General Chemistry. 
1948 231 pp $3.25 McGraw-Hill. (#111) 
WATT, G. W. Laboratory Experiments in General Chemistry 
and Qualitative Analysis. 2nd Edition 1951 227 pp $3.50 
McGraw-Hill. (#112) 
WATT, G. W., ann HATCH. Chemical Laboratory Experi- 
ments. 1949 185 pp. $3.00 McGraw-Hill. (#113) 
WATT, G. W., ann MORGAN, L. O. Laboratory Experiments 
in General Chemistry and Semimicro Qualitative Analysis. 1953 
228 $3.50 McGraw-Hill. (#114) 
WHITTAKER, ROLAND M., anp MARION, ALEXANDER 
Ee. Laboratory Handbook for General Chemistry. 1947 363 


AND TAYLOR, T. I. Ezperi- 
1944 550 pp $5.00 D. Van 
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bP $4. 4 Chemical Publishing Co., Inc. (#115) 
YOUNG, L. E., anp PORTER _ A Laboratory Manual of 
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LUDER, VERNON & 
General Chemistry 


A new text for those who intend to take further 
courses in chemistry. Emphasizing the theoretical 
side, the authors make it exceptionally clear to 
students how theoretical concepts have been de- 
rived from experimental findings. The special 
summary preceding each chapter will also be 
helpful to students. A greater amount of organic 
chemistry than usual is included, introduced early 
in the course. Questions and problems follow 
each chapter, with answers supplied separately 
to the instructor. . 
By W. F. Luder, Professor of Chemistry, Northeastern Universion: 
Arthur A. Vernon, Chairman, Department of Chemistry, North- 
eastern University; Saverio Zuffanti, Professor of Chemistry, North- 
eastern University. 
595 pages, 646" x 914", 173 illustrations. 
$6.00 


ROUTH 
th Century Chemistry 


A new text for those who do not intend to take further 
courses in Chemistry. Here the emphasis is on prac- 
tical applications to everyday life, to suit students 
who do not plan to take advanced chemistry. 
Even for those who have never before had a course 
in science, the presentation is understandable, 
with special care given to make the numerous il- 
lustrations pointed and dramatic. Organic chem- 
istry and biochemistry are particularly stressed. 
Skillfully orienting the student to the field of 
chemistry, the text gives a brief but complete 
history of the subject, discusses its many areas, 
and suggests methods of study. 


By Joseph I. Routh, Ph.D., Professor of Biochemistry, State Uni- 


versity of lowa. 
564 pages, 6" x 8”, 288 illustrations. 
$5.75 New 


SAUNDERS offers a choice of texts 


organic chemistry 


NOLLER 
Chemistry of Organic Compounds 


Designed for the intensive basic course, this text 
gives thorough, detailed treatment to organic chem- 
istry. Specific emphasis is placed on current ex- 
planations of physical properties and on the 
mechanisms of organic reactions. This unique 
blending of theoretical and practical organic 
chemistry is ideal for majors in chemistry or its 
allied sciences. The student is introduced to the 
subject matter gradually, with clear, specific de- 
tails outlined for each reaction. He is given the 
history, economic importance, and practical 
applications of numerous organic compounds. 


By Carl R. Noller, Professor of Chemistry, Stanford University 
885 pages, 6" x 9%", 


VOLLER 
Textbook of Organic Chemistry 


A short course, carefully abridged from the longer 
text described above, this text maintains the 
same excellent balance between the theoretical 
and practical aspects of the subject. The author 
has omitted certain compounds and other ad- 
vanced material considered unnecessary for the 
regular basic course. He has done so in a man- 
ner that leaves no break in logic or teaching con- 
tinuity. The student attains a genuine under- 
standing of the subject, because he learns facts of 
gross structure and reaction as a consequence of 
learning theory. 


643 pages, 6" x 9%", illustrated. 
$5.75 


W. B. SAUNDERS COMPANY, West Washington Square, Philadelphia 5. 
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General and Inorganic 


Lillian Hoagland Meyer 


INTRODUCTORY CHEMISTRY 
1951 532 pp. $5.00 


with accompanying 


LABORATORY MANUAL TO 
INTRODUCTORY CHEMISTRY 


1951 114 pp. paper, $1.75 


V. R. Damerell 

A COURSE IN COLLEGE CHEMISTRY 
1952 587 pp. $5.50 

with accompanying 

LABORATORY EXPERIMENTS IN 

COLLEGE CHEMISTRY 


1952 124 pp. paper, $1.75 


Harry H. Sisler, Calvin A. VanderWerf 
and Arthur W. Davidson 
COLLEGE CHEMISTRY 4 Systematic Approach 


1953 623 pp. $5.25 


J. Austin Burrows, Paul Arthur, 

Otto M. Smith 

SEMIMICRO LABORATORY 
EXERCISES IN GENERAL CHEMISTRY 


Revised Edition 1952 302 pp. paper, $3.50 


Joel H. Hildebrand and 
Richard E. Powell 
PRINCIPLES OF CHEMISTRY 


Sixth Edition 1952 444 pp. $4.50 


Wendell M. Latimer and 
Joel H. Hildebrand 
REFERENCE BOOK OF INORGANIC 


CHEMISTRY 
Third Edition 1951 625 pp. $5.00 
COMBINED VOLUME 


PRINCIPLES OF CHEMISTRY Sixth Edition 
by Hildebrand and Powell 


bound with 


REFERENCE BOOK OF INORGANIC 
CHEMISTRY Third Edition 


by Latimer and Hildebrand 
1952 444-625 pp. $7.50 


Harry N. Holmes. 
INTRODUCTORY COLLEGE 


CHEMISTRY 
Fifth Edition 1951 594 pp. $5.50 


Stuart R. Brinkley 
PRINCIPLES OF GENERAL 
CHEMISTRY 


Fourth Edition 1951 703 pp. $5.50 


60 FIFTH AVENUE, NEW YORK 11,N. Y. 


Quantitative Analysis 
1. M. Kolthoff and E. B. Sandell 
TEXTBOOK OF QUANTITATIVE 
INORGANIC ANALYSIS 
Third Edition 1952 759 pp. $6.50 
L. F. Hamilton and S. G. Simpson 
QUANTITATIVE CHEMICAL 


ANALYSIS 
Tenth Edition 1952 259 pp. $4.50 
Qualitative Analysis 


Philip W. West, Maurice M. Vick, 

and Arthur L. LeRosen 

QUALITATIVE ANALYSIS AND AN- 
ALYTICAL CHEMICAL SEPARATIONS 


1953 223 pp. $3.75 


Erwin B. Kelsey and Harold G. Dietrich 
FUNDAMENTALS OF SEMIMICRO 
QUALITATIVE ANALYSIS 


Second Edition 1951 328 pp. $4.25 


Organic Chemistry 


James Bryant Conant and A. H. Blatt 
THE CHEMISTRY OF ORGANIC 
COMPOUNDS 


Fourth Edition 1952 665 pp. $5.90 


Samuel M. McElvain 
THE CHARACTERIZATION OF 
ORGANIC COMPOUNDS 


Revised Edition 1953 303 pp. $4.50 


Physical Chemistry 


Carl F. Prutton and Samuel H. Maron 
FUNDAMENTAL PRINCIPLES OF 
PHYSICAL CHEMISTRY 


Revised Edition 1951 804 pp. $6.00 
Frank H. MacDougall 
PHYSICAL CHEMISTRY 
Third Edition 1952 750 pp. $6.00 
Food Chemistry 


Henry C. Sherman 
CHEMISTRY OF FOOD AND 


NUTRITION 
Eighth Edition 1952 721 pp. $6.00 
Agricultural Chemistry 


T. Lyttleton Lyon, Harry O. Buckman 
and Nyle C. Brady 

NATURE AND PROPERTIES OF 
SOILS 


Fifth Edition 1952-591 pp. 
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Macmillan 
Chemistry Texts 


“Books must follow science, and not science, books.” 
—SIR FRANCIS BACON 


In the tradition of science and scientific advancement, The Macmil- 
lan Company conscientiously follows Sir Francis Bacon’s sound 
advice with yearly publications of modern chemistry texts. On the 
opposite page is a select list of twenty-one chemistry texts publish- 
ed during the past three years. 


for your examination copies today ! 


60 FIFTH AVENUE, NEW YORK 11, N. Y. 
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AUDRIETH, L. F., ano KLEINBERG, JACOB. Non-Aque- 


ous Solvents. 1953 284 pp $6.75 John Wiley & 
118 

AUDRIETH, L. F., ann OGG, BETTY ACKERSON. The 

Chemistry of Hydrazine. 1951 244pp $6.00 John Wiley & 

Sons, Inc (#119) 

BOOTH, 8S. Inorganic Syntheses. VolumeI 1939 350 pp 

$4.00 McGraw-Hill. (#120) 


BOOTH, H. S., ann MARTIN, D. R. Boron Trifluoride and 
Derivatives. 1949 296 pp $8.50 John Wiley 
ne. 121) 
EMELEUS, H. J., ann ANDERSON, J. S. Modern Aspects 
of Inorganic Chemistry. 2nd Edition 1952 557 pp $6.75 
. Van a Co., Inc. #122) 
peng . C. Inorganic Syntheses. Volume II ns 
293 p (#123) 
GMELINS. “Handbuch der Anorganischen Chemie. 8th Edi- 
tion 1950 System No. 35 (Aluminum) Part A, Division 1, 
— 8: Ternary Alloy Systems. Al-Fe-C, Al-Fe-Si. 136 
 s. wrappers $7.20 Walter J. Johnson, Inc. (#123-1) 
G ELINS. Handbuch der Anorganischen Chemie. 8th Edi- 
tion 1942 System No. 18 (Antimony) Part A, Section 1: 
History. Occurrence. 226 pp In wrappers $8.90 Walter 
J. Johnson, Inc. (#123-2) 
GMELINS. Handbuch der Anorganischen Chemie. 8th Edition 
1943 Sys em No. 18 (Antimony) Part A, Section 2: Occur- 
rence. 76 pp In wrappers $3.25 Walter J. a — 
#123-3 

GMELINS. Handbuch der Anorganischen Chemie. 8th Edition 
1950 System No. 18 (Antimony) Part A, Section 3: Tech- 
nical Production. Formation and Preparation in Labora- 
tory. 49 pp In wrappers $3.95 Walter J. ao Inc. ' 
#123-4 

GMELINS. Handbuch der Anorganischen Chemie. 8th Edi- 
tion 1943 System No. 18 (Antimony) Part B, Section 1: 
Physical Properties including Electric Conductivity. 128 pp 
In — $5.15 Walter J. Johnson, Inc. (#123-5) 
GMELINS. Handbuch der Anorganischen Chemie. 8th Edition 
1949 System No. 18 (Antimony) Part B, Section 2: Con- 


cluding the Element Sb. Compounds up to Sb-1. 368 pp 
In wrappers $20.15 Walter J. Johnson, Inc. (4123-6) 
GMELIN Handbuch der Anorganischen Chemie. 8th Edition 


1949 System No. 18 (Antimony) Part B, Section 3: Con- 
cluding Sb Compounds. 68 pp In wrappers $6.00 Walter 
J. Johnson, Inc. #123-7) 
GMELINS. Handbuch der Anorganischen Chemie. 8th Edition 
1952 System No. 17 (Arsenic) 475 pp In wrappers $33.60 
Cloth bound $34.80 Walter J. Johnson, Inc. (#123-8) 
GMELINS. Handbuch der Anorganischen Chemie. 8th Edition 
1952 System No. 27 (Magnesium) Part A, Section 4: Con- 
cluding Mg Alloys. Surface treatment of Mg and Mg Alloys. 
336 pp In wrappers $24.00 Walter J. Johnson, eit ' 
#123-9 
GMELINS. Handbuch der Anorganischen Chemie. 8th Edition 
1951 System No. 3 (Oxygen) Section 2: Occurrence. 
218 pp In wrappers $15.60 Walter J. 
#123-10 
GMELINS. Handbuch der Anorganischen Chemie. 8th Edition 
1949 System No. 68 (Platinum) Part A, Section 5: Plati- 
num Metal Alloys: Ru, Rd, Pd. 188 pp In- wrappers 
$10.30 Walter J. Johnson, Inc. (#123-11) 
GMELINS. Handbuch der Anorganischen Chemie. 8th Edition 
1951 System No.68(Platinum) Part A, Section 6; Platinum 
Metal Alloys: Os, Ir, Pt. 136 pp Inwrappers $8.65 Wal- 
ter J. Johnson, Inc. (#123-12) 
GMELINS. Handbuch der Anorganischen Chemie. 8th Edition 
1950 System No. 10 (Selenium) Section 2: Electrical Prop- 
erties, including Photo-Resistance. 122 pp In wrappers 
$6.70 Walter J. Johnson, Inc. (4123-13) 
GMELINS. Handbuch der Anorganischen Chemie. 8th Edition 
1949 System No. 10 (Selenium) Part B: Selenium Com- 
— 195 pp In wrappers $9.60 Walter J. Peers} 
123-14 
GMELINS. Handbuch der Anorganischen Chemie. 8th Edition 
1952 System No. 9 (Sulfur) Part A, Section 2: Occurrence. 
we of sulfur and sulfur compounds. 450 pp In 
anes $35.30 Walter J. Johnson, Inc. (#123-15) 
GMELINS. Handbuch der Anorganischen Chemie. 8th Edition 
1953 System No. 9 (Sulfur) Part A, Section 3: The Ele- 
ment Sulfur. Physical and chemical properties. Approx. 
250 pp In wrappers $20.50 Walter J. Johnson, Inc. 
(#123-16) 
GMELINS. Handbuch der Anorganischen Chemie. 8th Edition 
1953 System No. 9 (Sulfur) Part B, Section 1: Compounds 
of Sulfur with Hydrogen and Oxygen. 372 pp $29.40 
Walter J. Johnson, Inc. (#123-17) 
GMELINS. Handbuch der Anorganischen Chemie. 8th Edition 
1951 System No. 41 (Titanium) 481 pp In wrappers 
$27.10 "Cloth bound $28.30 Walter J. Johnson, Inc. 
(#123-18) 
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HASZELDINE, R. 8., SHARPE, R. G. Fluorine and 
Compounds. 1951 153 pp $1.75 John Wiley & Sons, Ine 

HILDEBRAND POWELL. Principles of Chemiainy 

Edition. 1952 444 pages $4.50 The Macmillan Co, 


HILDEBRAND anp POWELL. Principles of Chemistry 
Edition (With Latimer-Hildebrand: Reference Book of In. 
organic Chemistry. 3rd Edition) 1952 625pp $7.50 The 
Macmillan Co. (#126) 

HUCKEL, W. Structural Chemistry of Inorganic Compounds, 
Volume I 1950 438 pp $9.00 Elsevier. (#127) 

HUCKEL, W. Structural Chemistry of Inorganic Comgaa 
Volume II 1952 656 pp $13.50 Elsevier. (#128) 

HURD, DALLAS T. An Introduction to the Chemistry of th 
Hydrides. 1952 231 pp $5.50 John Wiley & Sons, Ine, 


29 

KOBE. Inorganic Process Industries. 1948 371 pp (g29 
The Macmillan Co. (#130) 

oo! W. L. Oxidation Potentials. 2nd Edition 1959 
392 $5.00 Prentice-Hall, Inc. 

LATIMER AND HILDEBRAND: Reference Book of Inorganie 
—— 3rd Edition 1951 625 pp $5.00 The Macmil. 
an #132 

MARTELL, A. E., ano CALVIN, M. Chemistry of the Mad 
— Compounds. 1952 628 pp $10.00 Prentice-Hall, 

(#133 

MOELLER, THERALD. Inorganic Chemistry: An adi 

Textbook. 1952 966 pp $10.00 John Wiley & Sons, Ine, 
(#134 

ROBINSON, P. L., anp DODD, R. E. Experimental lena 
Chemistry. 1953. Approx. 400 pages. Price not set. Else- 
vier. (#135) 

SEIDELL, ATHERTON. to Solubilities of Inor- 
ganic and Organic Compou Volume III 1952 1255 pp 
$15.00 D. Van Nostrand Co., Ine. (#136) 

ee ORSINO C. Inorganic Chromatography. 1953 146 

$5.00 D. Van Nostrand Co., Inc (#137) 

SNEED, M. CANNON, anp MAYNARD, J. LEWIS. General 
Inorganic Chemistry. 1942 1166pp $5. 75 D. Van Nostrand 

o., Ine. (#138) 

SNEED, M. CANNON, MAYNARD, J. LEWIS, ann 
BRASTED, ROBERT C. Comprehensive Inorganic Chemistry, 
VolumeI Sept. 1953 D. Van Nostrand Co., Inc. (#139) 

WALTON, F. Inorganic Preparations. 1948 204 pp 
$3.00 Prentice-Hall, Inc. (#140) 

YOST, D. M., RUSSELL, H., ann GARNER, C.S. The Rare- 
Earth Elements and Their ‘Compounds. 1947 92 pp $4.00 
John Wiley & Sons, Inc. (#141) 


ANALYTICAL 


General 


Analytica Chimica Acta, Monthly journal Volume IX _ Issues 
1&2 1953 Subscription price per volume $12.00 egal 
BLAKE, G. G. Conductimetric Analysis at 4 ee 
1952 109 pp $2.75 Chemical Publishing Co., Inc. (#143) 
BLOCK, RICHARD J., LESTRANGE, RAYMOND, np 
ZWEIG, GUNTER. Paper Chromatography: A Laboratory 
Manual. 1953 195 pp $4.50 Academic Press, Inc. (#144) 
BOLTZ, DAVID, er av. Selected Topics in Modern Instr 
mental Analysis. 1952 470pp $6.00 Prentice-Hall, “tes) 
BROOKES, VINCENT J., anp ALYEA, HUBERT N. Pao 
sons: Their Identification and Emergency Treatments. 


1946 204 p $5.00 D. Van Nostrand Co., Inc. (#146) 
a ON ANALYTICAL REAGENTS. Reagent 


1950 402 pp $5.00 American et oe 


1953 

$11.00 Elsevier. #148) 
ELLIOTT, A., ano DICKSON, J. HOME. Laboratory Instru- 
ments, 1953 414 pp $7.50 Chemical Publishing Oe 


DUVAL, CL. Thermogravimetric Analysis. 


GIBB, T. R. P. Optical Methods of Chemical Analysis. 1942 
391 pp $7.00 McGraw-Hill. 150) 
GROVES, A. W. Silicate Analysis. 2nd Edition 1951 359 


pee $5.00 Interscience. (#151) 
HAMILTON, L. F., anp SIMPSON, 8.G. Calculations of Ana- 
lytical Chemistry. 4th Edition 1947 387 pp $4.50 Me- 
Graw-Hill. (#152) 
HARRISON, G. R., LORD, R. C., ano LOOFBOUROW, J. RB. 
Spectroscopy. 1949 624 pp $6.50 


HELDMAN, J.D. Techniques of Glass Manipulation in Scien- 
tific Research. 1946 152 pp $3.00 Prentice-Hall, 
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Have You Heard the Many 


Excellent Comments About 


BLAKISTON’S NEW Chemistry Texts? 


“er 


Here are just a few of the many comments 


About Gero’s BIOLOGICAL CHEMISTRY (An Introduction to Biochemistry ): 
“T can see how it would serve as an admirable text for certain introductory college courses in biochemistry.”’ 
—ROSS A. GORTNER, Jr., Wesleyan University. 
“This book is written primarily for the student. The content is well organized. The increasing number of 
medical graduates undertaking complex research calls for more exposure to the subject matter contained in 

this book. It should become a highly acceptable text.” 
JOURNAL OF MEDICAL EDUCATION. 


About Cavelti’s INTRODUCTORY GENERAL CHEMISTRY: 


“T think Introductory General Chemistry is quite first class and a major event in the world of text- 
book writing.” 
—J. HW. WOLFENDEN, Dartmouth College. 


About Brescia’s GENERAL COLLEGE CHEMISTRY: 


“This book is well written, in clear and concise language, which any student should understand. The prin- 
ciples of physical chemistry are well developed and presented. This text should meet the demands for which 


it is intended.” 
—JOSEPH A. BABOR, City College of New York. 


** T like Brescia’s approach. A fine book—worthy to be considered with the top books in the field.” 
—JOHN P. SANDRETTO, Vallejo College, California. 


Just Published! WERTHEIM’S PRACTICAL ORGANIC CHEMISTRY 


This manual is the short version of the author’s LABORATORY GUIDE FOR ORGANIC CHEMISTRY. 
It contains a selection of the 103 experiments in the larger book most used by teachers and was made on the 
v basis of a survey of organic chemistry courses throughout the country. 383 Pages; 23 Illustrations. $3.00 


Garden City, New York 
Please send me: 
copies of Gero’s BIOLOGICAL CHEMISTRY 
copies of Cavelti’s INTRODUCTORY GENERAL CHEMISTRY 
copies of Brescia’s GENERAL COLLEGE CHEMISTRY ........ 
| Wertheim's PRACTICAL ORGANIC CHEMISTRY............... 


lakiston 
For 90-Day Teacher For Personal Use on 40 Check Encl. 


Examination* 10-Day Trial Basis ~ — 
j Lj Send C.0.D. *Examination privileges 
tine 


| THE BLAKISTON COMPANY, INC. SCIENCE BOOKS 
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—Reprints on Display 


Chemical Education Book Exhibit, Chicago, Illinois, September, 1953 


Sample Volumes of Important Reprints of Scientific 
Books and Journals 


American Chemical Society: Journal Price Price 
Vols. 1-25 per set per vol. 
(Proceedings 2 vols., Journal Vols. 1-25, 1879-1903; 
General Index to Vols. 1-20) Cloth bound in 37 vols. $500.00 
Annual Review of Biochemistry 
(Slightly reduced format) 


Vols. 1-5, 1932-1936 cloth bound 
Vols. 8-11, 1939-1942 cloth bound 


Vols. 14-15, 1945-1946 cloth bound $11.00 
Chemical Abstracts 

Vol. 4, 1910, paper bound in 5 parts 75.00 

Vol. 5, 1911, paper bound in 5 parts 75.00 
Chemical Reviews 

Vols. 1-25, 1924-1939, cloth bound set 400.00 

Vols. 1-41, 1924-1947, paper bound 15.00 

(Vols. 1, 20, 24, 25, 26, 27, 28, 29 not available separately) 

Vols. 42-45, 1948-1949, paper bound 17.50 
Chemical Society, London: Journal 

Vols. 1-23, 1848-1870, cloth bound set 350.00 

Vols. 1-23, 1848-1870, paper bound set 325.00 

Vols. 1-10, 1848-1857, paper bound 20.00 

Vols. 11-23, 1858-1870, paper bound 15.00 


Available in original edition: 
Chemical Society, London: Memoirs 
3 vols., 1841-1848, paper bound set 70.00 


Ergebnisse der Enzymforschung 
Vol. 9, 1943, cloth bound 12.50 


Helvetica Chimica Acta 
(Slightly reduced format) 
Vols. 1-14, 1918-1931 
Cloth bound set 400.00 
Single volumes, paper bound 25.00 


Journal of Chemical Physics 
(Slightly reduced format) 
Vol. 1, 1933, paper bound 20.00 


Journal of Organic Chemistry 
(Slightly reduced format) 
Vols. 1-12, 1936-1947 
Paper bound set 180.00 
Single volumes, paper bound 15.00 
Vols. 13-14, 1948-1949, paper bound 20.00 


Journal of Physical Chemistry 
(Slightly reduced format) 
Vols. 37-55, 1933-1951, paper bound 475.00 
Single volumes, paper bound 25.00 
In preparation: 
Vols. 31-36, 1927-1932, paper bound 


Justus Liebig’s Annalen der Chemie 
In preparation: 
Vols. 421-542, 1920-1939, cloth bound set 865 .00 
Single volumes, paper bound 7.20 


Kunststoffe (Plastics) 
Vols. 1-31, 1911-1941, cloth bound set ‘375.00 
Single volumes, paper bound 15.00 


Recueil des Travaux Chimiques des Pays-Bas 
Vols. 1-38, 1882-1919, paper bound set 570.00 
Single volumes, paper bound 15.00 
Vols. 39-42, 1920-1923 
Single volumes, paper bound 20.00 


Review of Scientific Instruments 
(Slightly reduced format) 
Vols. 1-3, 1930-1932, paper bound 15.00 


JOHNSON REPRINT CORPORATION | 


125 East 23 Street, New York 10, N. Y. , 
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NEW ACADEMIC PRESS BOOKS 


The Proteins 


A unique, comprehensive treatise 
Complete in two volumes 


CHEMISTRY, BIOLOGICAL ACTIVITY, AND METHODS 
Edited by HANS NEURATH, University of Washington, and KENNETH BAILEY, University of Cambridge 


Volume I, Part A 
June 1953, xii, 548 pp., $12.00 


The Isolation of Proteins 
By John Fuller Taylor 
The General Chemistry of Amino Acids and Peptides 
By P. Desnuelle 
The Amino Acid Composition of Proteins 
By G. R. Tristram 
The Structure and Configuration of Amino Acids, 
Peptides and Proteins 
By Barbara W. Low 
Optical Properties of Proteins 
By Paul Doty and E. Peter Geiduschek 
Electrochemical Properties of the Proteins and Amino 
Acids 
By Robert A. Alberty 


Volume I, Part B 
September 1953 
The Size, Shape and Hydration of Protein Molecules 
By John T. Edsall 
Protein Interactions 
By Irving M. Klotz 
Protein Denaturation 
By Frank W. Putnam 
The Chemical Modifications of Proteins 
By Frank W. Putnam 
The Relation of Chemical Structure to the Biological 
Activity of the Proteins 
By R. R. Porter 


Author Index—Subject Index for complete Volume I. 


Volume II, Parts A and B, in preparation 


Nucleoproteins and Viruses 

By Roy Markham and J. D. Smith 
Respiratory Proteins 

By Felix Haurowitz and Richard Lynn Hardin 
Oxidation Enzymes 

By Thomas P. Singer and Edna B. Kearney 
Plasma Proteins 

By W. L. Hughes, Jr. 
Milk Proteins 

By T. L. McMeekin 
Egg Proteins 

By Robert C. Warner 
Toxic Proteins 

By W. E. van Heyningen 
Structure Proteins. I. 

By J. C. Kendrew 


The Physics of 


Viruses 


By ERNEST C. POLLARD, Yale University 

October 1953, xii, 230 pp., approx. $5.00 
Inferential methods of physics have proven very power- 
ful in determining the structure of atomic and molecular 
objects, and the application of these methods to the 
study of viruses has progressed considerably. Professor 
Pollard here presents in detail procedures of studying 
viruses under the influence of methods producing mo- 
tion as well as original material on inactivation of 
viruses by physical means. 


CONTENTS: 

The Nature of Viruses and Their Relation to Physics— 
The Size, Shape, and Hydration of Viruses—lIonizing 
Radiation and Viruses—Thermal Inactivation of 
Viruses—The Surface of Viruses—<Action of Ultraviolet 
Light on Viruses—Sonic and Osmotic Effects on 
Viruses—Virus Genetics—Virus Multiplication, and 
Virus Physics—Index. 


ACADEMIC PRESS INC., Publishers 


Structure Proteins. II. Muscle 

By Kenneth Bailey 
Protein Metabolism in Plants 

By F. C. Steward and John F. Thompson 
Seed Proteins 

By Sven Brohult and Evald Sandegren 
Proteolytic Enzymes 

By Hans Neurath and N. Michael Green 
Protein Hormones 

By C. H. Li 
The Proteins of Immune Reactions 

By William C. Boyd 
The Synthesis and Turnover of Proteins 

By H. Tarver 
Author Index—Subject Index for complete Volume IT. 


Standard Methods of 
Clinical Chemistry 


By the American Association of Clinical Chemists 
Volume I, 1953, xii, 142 pp., $4.50 


Editor-in-Chief: MIRIAM REINER, Gallinger 
Municipal Hospital, Washington, D. C. 


Here is a practical and reliable collection of methods 
tested first in the laboratory of the submitter and re- 
tested in at least one other laboratory by the checker 
for validity and practicality. The results, suggestions 
and criticisms of the checkers have been incorporated 
in the method published by the submitter. Laboratory 
workers, chemists, and technicians will find the initial 
volume of this series of valuable service. 
Contributors: C. Alper, J. Benotti, J. J. Carr, L. B. 
Dotti, B. Garland, G. Getchell, P. E. Halpern, M. E. 
Hodes, J. Kahn, M. M. Kaser, G. R. Kingsley, M. Knowl- 
ton, S. Natelson, M. H. Power, M. Reiner, J. G. Reinhold, 
L. V. Riddle, M. Rubin, R. R. Schaffert, O. Schales, G. E. 
Schreiner, D. Seligson, A. E. Sobel, H. C. Sudduth, M. 
Vanderau, and N. F. Young. 


125 East 23 Street, New York 10, N. Y. 
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HILLEBRAND, W. F., LUNDELL, G. E. F., BRIGHT, H. A., 
AND HOFFMAN, J.I. Applied Inorganic Analysis: With Spe- 
cial Reference to ‘the Analysis of Metals, Minerals and Rocks. 
1953 1034 pp: $15.00 John Wiley & Sons, Inc. (#155) 

HORSLEY, L. H. er au. Azeotropic Data. 1952 329 pp 
$4.00 American Chemical Society. #156) 

JACOBS, MORRIS B., anp SCHEFLAN, LEOPOLD. Chemi- 
cal Analysis. Volume VII (Chemical Analysis of Industrial 
Solvents) 1953 517pp $10.00 Interscience. (4157) 

KIRK, PAUL L. Crime Investigation—Physical Evidence and 
the Police Laboratory. 1953 806 pp. $10.00 Interscience. 


(#158) 
KOLTHOFF: Acid-Base Indicators. 1937 514 pp $10.00 
The Macmillan Co. (#159) 
LEDERER, EDG. Recent Progress in Chromatography. 1953 
Approx. 320 pp Approx. $6.50 Elsevier. (4160) 
ay M. G. Absorption Spectroscopy. 1950 
618 p "$9.00 John Wiley & Sons, Inc. (#161 
MITCHELL, JOHN JR., anp SMITH, DONALD MILTON. 
Chemical Analysis. Volume V (Aquametry) 1948 456 
pp $8.00 Interscience. (#162) 
MULLER, OTTO H. The Polarographic Method of Analysis. 
2nd_ Edition 1951 209 pp $3.50 Chemical Education 
Publishing Co. (#163) 
NACHTRIEB, N.H. Principles and Practice of Spectrochemical 
Analysis. 1950 324 pp $5.00 McGraw-Hill. (4164 
RADLEY, J. A., AND GRANT, JULIUS. Fluorescence Analysis 
in Ultra-V iolet Light. 1949 424 pp $8.50 D. Van oo 
trand Co., (#165) 
RANDALL, HARRISON M., FOWLER, RICHARD G., FU- 
SON, NELSON, AND DANGL, ROBERT. Infrared _ Deter- 
mination of Organic 1949 237 pp $12.75 D. 
Van Nostrand Co., (4166) 
SADTLER, PHILIP. yo Spectrograms. Monthly Edi- 
tion. 5,000 pp _ $2400 Samuel P. Sadtler & Son, Inc. (#167) 
SAMUELSON; OLOF. Jon Exchangers in Analytical Chemistry. 
1953 291 pp $6.50 John Wiley & Sons, Inc (#168) 
SANDELL, B. Chemical Analysis. i III (Colori- 
metric of Traces of Metals) 2nd Edition 1950 


Analytical 


893 pp $9.75 Interscience. (#169) 
SAWYER, R. Experimental _. y. 2nd Edition 
1951 358 pp $5.50 Prentice-Hall #170) 
SCHAEFFER, HAROLD F. Microscopy for Chemists. 1953 
300 pp $4. 50 D. Van Nostrand Co. , Inc. #171) 
SHAND,S. J. Rocks for Chemists. 1953 178 pp $4.50 Pitman 
Publishing Corp (#172) 


SNELL, FOSTER D., anp SNELL, CORNELIA T. Colori- 
metric Methods of Analysis. Volume I 3rd Edition 1948 
239 pp $6.00 D. Van Nostrand Co., Inc (#173) 

SNELL, FOSTER D., ann SNELL, CORNELIA T. Colorimet- 
= Methods of Analysis. Volume II 3rd Edition, 1949 916 

$12.50 D. Van Nostrand Co., Inc (#174) 

SNELL, FOSTER D., anp SNELL, CORNELIA T. Colori- 
metric Methods of ‘Analysis. Volume III (Organic Com- 
poundsI) 1953 (Inprocess) D. Van Nostrand Co., va7s) 

#1 

SWIFT, E. H. System of Chemical Analysis. 1939 589 pp 
$6.00 Prentice-Hall, Inc. (#176) 

WALTON, H. E. Principles and Methods of Chemical Analysis. 
1952 400 pp $6.50 Prentice-Hall, Inc. (#177) 

WILLARD, HOBART H., MERRITT, LYNNE L. JR., anp 
DEAN, JOHN A. Instrumental Methods of Analysis. 
Edition 1951 344 pp $5.50 D. Van Nostrand Co., ie 78) 

#178 


QUALITATIVE 


ARTHUR, P., ann SMITH, O. M. Semimicro Qualitative 
Edition 1952 285 pp $4.25 
179 
BABOR, JOSEPH A., ann MACALPINE, J. KENNETH W. 
How to Solve Problems in Qualitative Analysis. 1943 93 pp 
$1.00 Thos. Y. Crowell Co. (#180) 
BELCHER, J. E., anp WILLIAMS, G. Y. A Course in Quali- 
tative Analysis, 1938 265 pp $3.75 rani: rep 
181 
CALDWELL, WILLIAM E., anp KING, G. BROOKS. A 
Brief Course in Semimicro Qualitative Analysis. 1953 Ameri- 
can Book Company. 
CORNOG, JACOB. Semimicro Qualitative Analysis. 
260 pp $3.50 Houghton-Mifflin Co. (#183) 
CURTMAN. Introduction to Semimicro Qualitative 
2nd Edition 1950 391 pp $3.75 The Macmillan C ° 1194) 
184 
ENGELDER, C. J. Fundamentals of Semimicro Qualitative 
Analysis. 1947 385 pp $4.00 John Wiley & Sons, 
1 
EVANS, WILLIAM L., DAY, JESSE E., ano GARRETT, AL- 
FRED B. An Elementary Course in Qualitative Analysis. 
1942 240 pp $2.90 Ginn & Co. (4186) 


oe, WILLIAM L., GARRETT, ALFRED B., anp §Jg. 

LER, H: ARRY H. Semimicro Qualitative Analysis. (Revised 

E dition) 1951 240 pp $3.00 Ginn & Co. (#187) 

FEIGL, FRITZ. Qualitative Analysis by Spot Tests. 3d Edition 
574 pages $6.00 (#188 

GRIFFIN, CARROLL W., anp PLUNKETT, MARY Nae 


1947 Elsevier. 
Inorganic Semimicro Qualitative 1951 
$5.00 The Blakiston Co. 

HARTSUCH, B. E. Elementary y Qualitative Analysis, 
274 pp $3.75 John Wiley & Sons, Inc. 

HARTSU CH, BRUCE E. 
Analysis. 1949 

HEISIG, “G. Theory and Practice of Semimicro Qualitative 
Analysis. on Edition 1950 356 pp $4.00 W. B. Saun- 

ders Co. 


(#192) 

HOGNESS, THORFIN, R., ann JOHNSON, WARREN 
Ionic Equilibrium as Applied to Qualitative Analysis. (Revised 
Edition) 1947 322 pp $3.30 Henry Holt and Company 


HOGNESS, THORFIN R., 


Analysis. 299 pp 
(#189) 
1943 
(#190) 
A Simplified Course in Elementary 
192 pp $3.00 D. Van Nostrand 


(#191) 


(#193) 
AND JOHNSON, WARREN ¢. 


Qualitative Analysis and Chemical Equilibrium. 3rd Edition 
1947 553 pp $4.35 Henry Holt and Company. (#194 
KELSEY anp DIETRICH. Fundamenta!s of Semimicro Qualita- 
tive Analysis. 2nd Edition 1951 328 pp $4.25 The 
Macmillan Co. (#195) 
McALPINE, ROY K., anp SOULE, BYRON A. Fundamentals 
of Qualitative Chemical Analysis. 3rd Edition 1949 370 pp 
$3.75 D. Van Nostrand Co., Ine (4196) 


McALPINE, ROY K., anp SOULE, BYRON A. Prescott and 
Johnson’s Qualitative Chemical Analysis. 2nd HKdition 1933 
707 pp $6.75 D. Van Nostrand Co., Ine (#197) 

MELDRUM, WILLIAM BUELL, ‘DAGG ETT, ALBERT 


FREDE RICK. A Textbook of Qualitative Analysis. 1946 
431 pp $4.50 American Book Company. (#198) 
OELKE. Semimicro Qualitative Analysis. 1950 386 pp $4.00 
D. C. Heath and Company. (#199) 


SMITH, ORSINO C. Identification and Qualitative Chemical 
Analysis of Minerals. 2nd Edition 1953 420 pp $7.50 
D. Van Nostrand Co., Ine. ( #200) 

SORUM, C. H. Introduction to Semimicro Qualitative Analysis, 
1949 192 pp $2.25 Prentice-Hall, Inc (#201) 

WEST, VICK, anp LEROSEN. Qualitative Analysis and Ana- 
lytical Chemical Separations. 1953 223 pp $3.75 The 
Macmillan Co. (#202) 

WHITEHEAD, ‘THOMAS H. Theory of Elementary Chemical 
Analysis. 1950 233 pp $2.90 Ginn & Co. (#203) 


QUANTITATIVE 


ARENSON, SAUL B. How.to Solve Problems in Quantitative 
Analysis. 1942 89 pp $1.00 Thos. Y. Crowell Co. (#204) 
CLARK, GEORGE L., NASH, LEONARD K., anp FISCHER, 
ROBERT B. Quantitative Chemical Analy ysis. 1949 448 pp 


$4.50 W. B. Saunders Co. (#205) 
CLIPPINGER, DONALD R. Manual of Quantitative Analysis. 
1948 341 pp $3.50 Ginn & Co. (#206) 
DIEHL, HARVEY, AND SMITH, FREDERICK. Quantita- 
= Analysis: Elementary Principles and Practice. 1952 539 
$5.00 John Wiley & Sons, Inc. (#207) 


FOULK, MOYER, Anpb MACNEVIN. Quantitative Chemical 
Analysis. 1952 465 pp $5.00 McGraw-Hill. (#208) 
GRIFFIN, CARROLL WARDLAW. Inorganic Quantitative 
Analysis. 1949 368 pp $4.50 The Blakiston Co. (#209) 
HAMILTON anv SIMPSON. Quantitative Chemical Analysis. 
10th Edition 1952 259pp $4.50 The Macmillan Co. (#210) 
KIRK, P. L. Quantitative Ultramicroanalysis. 1950 310 
$5.50. John Wiley & Sons, Inc (#211) 
KOLTHOFE F anp SANDELL. Textbook of Quantitative Inorganic 
3d Edition 1952 768pp $6.50 The Macmillan 


oO. (#212) 
MACNEVIN, WILLIAM MARSHALL, SWEET, 
ap $3.75 RICHARD. Quantitative Analysis. 1952 248 
$3.75 Harper & Brothers. (#213) 
ui ILLON, M. G. Quantitative Analysis Record Book. 194 
200 pp "Hard cover $1.00 Thos. Y. Crowell Co. (#214) 
OLSON, AXEL R., ORLEMANN, EDWIN F., anp KOCH, 
CHARLES W. Introductory Quantitative _Anatyeis 1948 
308 pp $3.25 W. H. Freeman and Compan (#215) 
PATTERSON, ANDREW, JR., anp THOM Xs, HENRY C. 
A Textbook ‘of Quantitative Analysis. 1952 500 pp $4.26 
Henry Holt. and Compa (#216) 
PETERS, JOHN P., anp VAN SLYKE, DONALD D. Quan- 
titative Clinical Chemistry. 2nd Edition 1946 Volume | 
(Interpretations) 1050 pp $7.00 Williams & W 
PIERCE, W. C., anv HAENISCH, E. L. Quantitative Analysis. 


3rd Edition 1948 520 pp $5.00 John W iley & § — 
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COLLEGE CHEMISTRY 
by PAUL R. FREY, Colorado A. & M. College 


This freshman text is important in three ways: it 
gives the student an introduction to chemistry, stress- 
ing fundamental ideas; gives the student extensive 
practice in problems; gives the teacher a fine supply 
of teaching aids, such as a selected group of lecture 
demonstration experiments, which help dovetail class 
and laboratory work. Procedures and results are 
carefully outlined, and questions follow. 


653 pages @ 6"x9" e@ Published 1952 


LABORATORY MANUAL FOR 
COLLEGE CHEMISTRY 


by WENDELI. B. KING, PAUL R. FREY, 
W. H. SLABAIIGH, and G. H. SPLITTGERBER 


This manual is designed to accompany COLLEGE 
CHEMISTRY by Frey, or any similar text. There 
are no prerequisites. Decidedly practical, the manual 
contains a combination of conventional experiments 
with original ones involving practical applications. 
The general format—with a special laboratory report 
sheet accompanying each experiment, and space 
allowed in the procedures themselves for the student 
to record his observations—makes it both easy for the 
student to follow and for the instructor to grade. 
No previous laboratory experience is assumed. 

300 pages @ 815" x11" @ Published July 1953 


ORGANIC CHEMISTRY, 2nd Edition 
by RAY Q. BREWSTER, University of Kansas 


This text presents the subject of organic chemistry 
in terms of the electronic theory. The ideas are stated 
not in terms of quantum mechanics but on a simpli- 
fied basis suitable for undergraduate students. The 
revisions in the Second Edition include enlarged dis- 
cussions of fluorine compounds, free radical mecha- 
nisms, the chemistry of acetylene, and the Walden 
inversion. The chapter on Carbohydrates has been 
rewritten, and a new chapter on Organometallic 
Compounds has been added. 
6"x9" 


848 pages e Published May 1953 


PROBLEMS IN ORGANIC CHEMISTRY 


by EDWARD G. RIETZ, Wright Junior College, 
and CASH B. POLLARD, University of Florida 


This unusual new problem book offers over 300 prob- 
lems and questions to complement textbook study, 
and help your students acquire a more thorough 


COLLEGE 


understanding of the most important facts and prin- 
ciples of organic chemistry. The book also provides 
concise outlines of factual material (covering the en- 
tire basic field of organic chemistry), many detailed 
solutions, and answers to all problems. 


410 pages @ 55%" x 83%" @ Published July 1953 


ADVANCED ORGANIC CHEMISTRY 
by E. EARL ROYALS, Emory University 


This book provides a practically useful integration of 
descriptive fact and unifying theory at the advanced 
level of organic chemistry. Discussions of mecha- 
nisms and the applications of organic reactions to 
synthesis and degradation are not separated; every 
effort is made to relate mechanistic considerations to 
the practical problems of synthesis and analysis. 

858 pages @ 6"x9" @ Coming October 1953 


GENERAL BIOCHEMISTRY 


by WILLIAM H. PETERSON and 
F. M. STRONG, University of Wisconsin 


This new book provides a general coverage of all the 
fundamentals of biochemistry—including not only 
animal biochemistry but that of plants and microbial 
organisms. It includes simple, direct accounts of 
recent advances in knowledge of hormones, photo- 
synthesis, and nitrogen fixation, and provides a study 
of energy metabolism which is more detailed than that 
in most textbooks. 


450 pages @ 6"x9" 


QUANTUM CHEMISTRY 


by KENNETH S. PITZER, 
University of California at Berkeley 


e@ Published June 1953 


In this text, Dean Pitzer has reduced to a minimum 
the mathematical requirement for an understanding of 
Quantum Mechanics, while retaining a rigorous and 
logical presentation of all essential elements. The 
entire text is completely up-to-date, as will be noted 
from the chapter on Nuclear Phenomena and the at- 
tention given to radiofrequency (microwave) spec- 
trometry at several points. 


492 pages @ 55%" x 633" @ Published May 1953 
4 

y Examine these and other Prentice-Hall 
+ Chemistry Texts at the American Chemical | 
So . M . 4 
ciety Meeting. > 


Send for your copies today! 


~ PRENTICE-HALL, INC. 70 FIFTH AVENUE, NEW YORK 11 
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Important New Texts 


COMPREHENSIVE INORGANIC CHEMISTRY 


Edited by M. Cannon Sneed, J. Lewis Maynard and Robert C. Brasted 


This great new reference work covers systemati- 
cally all the elements and their inorganic compounds. 
It is entirely up-to-date, first in its subject-matter and 
terminology, and then its development and organiza- 
tion. Properties and reactions of all the elements 
and compounds are explained in light of present-day 
concepts of atomic and molecular structure, the de- 
ductions from the periodic system, and basic ideas 


relating to electrolytes. As a consequence, chapters 
on all the elements are supplemented by special 
topics, as coordination compounds, catalysis, reac- 
tions in nonaqueous solutions, and nuclear chemis- 
try. The industrial and scientific applications of 
chemical reactions are treated in light of current 
practice. The nomenclature is consistently in 
accord with the recommendations of the A.C.S. 


Volume I Now Ready 


Principles of Atomic and Molecular Structure By William N. Lipscomb 
Theoretical and Applied Nuclear Chemistry By Pau/ R. O'Connor 
The Actinide Series By Glenn T. Seaborg 


THE FIRST VOLUME builds a firm foundation for 
the entire series by furnishing a well rounded, con- 
cise account of atomic and molecular structure. 
The chapter on nuclear chemistry covers both the 
theory and application of nuclear reactions, to give 
a working knowledge of this important research 


implement. The chapter on the actinide series re- 
views the present state of chemical knowledge of the 
actinide series as a whole, and the elements actinium, 
thorium, protactinium, uranium, neptunium, pluto- 
nium, americium, curium, berkelium and californium. 


256 Pages, $5.00 


A BRIEF INTRODUCTION TO ORGANIC CHEMISTRY 


By Leland A. Underkofler 


This new introductory text is designed especially 
to fit the needs of a short course in organic chemistry 
for students in agriculture, home economics, nursing 
and similar majors. The selected topics and reac- 
tions furnish a real basis for the understanding of 
structural chemistry, systems of nomenclature, and 
organic chemical reactions, and thereby gives the 
student a sound familiarity with the principles and 
practices of the science. A unique feature of this 
text is the presentation of important reactions of 
groups of organic compounds as numbered type 
_—— with a list of these assembled in the appen- 

ix. 


Contents: Introduction; Saturated Hydrocar- 
bons—Methane Series, Paraffins, Alkanes; Alco- 
hols; Unsaturated and Aromatic Hydrocarbons; 
Halogen Derivatives of the Hydrocarbons; Ethers; 
Carboxylic Organic Acids; Aldehydes and Ketones; 
Esters, Fats and Oils, Waxes; Acid Halides, Acid 
Anhydrides, Acid Amides; Substituted Acids; Stereo- 
isomerism and Optical Activity; Carbohydrates; 
Alkyl Amines; Amino Acids and Proteins; Simple 
Aromatic Compounds; Polyfunctional and Con- 
densed Nuclear Aromatic Compounds, Heterocyclic 
Compounds, Alicyclic Compounds; Applications of 
Organic Chemistry. 352 Pages, $4.25 


MICROSCOPY FOR CHEMISTS 


With Experiments 
By Harold F. Schaeffer 


This new teachable text is designed for courses in 
chemical microscopy or microscopy in the solution 
of chemical problems, and should preferably be 
assigned to those who have had some organic chem- 
istry and qualitative analysis. This very compre- 
hensive text explains how methods of microscopy 
can save amount of time analyst must spend on de- 


D. Van Nostrand Company, Inc. 


termination—permit certain types of quantitative 
work—obtain final result within shorter period— 
economize on rare or precious reagents—eliminate 
need for other expensive apparatus—obtain certain 
results which may not be obtainable by direct chemi- 
cal methods—eliminate hazards in dealing with 
explosives, poisons, etc. 264 Pages, $4.50 
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And Reference Works 


ANNOUNCING the Publication of a New-type Chemical Dictionary De- 
signed to Meet the Needs of the Present-day Chemist and Chemical Engineer 


THE VAN NOSTRAND CHEMISTS DICTIONARY 


More than 11,000 subjects—400,000 words 


Prepared under the direction of J. M. Honig, Morris B. Jacobs, S. Z. Lewin, William R. Minrath, and 


George Murphy. 


This great new dictionary brings together the in- 
formation most often needed by chemists. It gives 
chemical reactions, tests and reagents, as well as 
chemical elements and radicals. It includes the 
latest terminology used ix naming compounds of 
phosphorus, silicon and fluorine. It includes the 
terms from physics, biology and engineering that are 
most commonly encountered by chemists. It is out- 
standing for its great number of chemical reactions, 
processes, reagents, tests and apparatus which are 


To be published in October. 


best known under the proper names of individuals— 
more than five thousand such terms are fully defined 
in this book. Containing in all over eleven thousand 
definitions and descriptions, many of which are of 
more than one hundred words in length, organized 
by a system of cross-referencing that makes all 
related topics instantly accessible, this new-type 
dictionary is an essential part of the reference library 
of every chemist. 


Special pre-publication price, $8.95 


THE HANDBOOK OF SOLVENTS 


By Leopold Scheflan, and Morris B. Jacobs 


This comprehensive handbook of organic solvents 
gives in a convenient alphabetical arrangement, all 
the organic substances used as solvents. For each 
substance, the significant properties are listed, in- 
cluding name, chemical formula, molecular weight, 
density, index of refraction, freezing point, boiling 
point, vapor pressure at various temperatures, 
miscibility with other solvents, and the solubility in 
it of the substances for which it is most commonly 


used as a solvent. An excellent general section, 
which precedes the tabulated data, defines the 
various chemical and physical properties, explains 
the various types of solvents and solvent power, 
treats thoroughly the various methods of solvent re- 
covery, and covers fully the all-important matter of 
safe practice in the use of solvents, including the 
various hazards, especially fire hazards, explosion 
hazards, toxic hazards and hazard controls. 


704 Pages, $10.00 


COLORIMETRIC METHODS OF ANALYSIS 


Volume III—Organic Methods 
By Foster Dee Snell and Cornelia T. Snell 


The thorough coverage of the colorimetric 
methods of analysis, which was achieved for in- 
Organic substances in the first two volumes of this 
Set, is extended to many types of inorganic com- 
pounds in this third volume. So complete is this 
treatment that it includes all significant methods re- 
ported for the following types of organic compounds: 
Hydrocarbons; Alcohols and their Esters; Phenols; 


Vol. I 


Quinones; Oxygen Cycles, Oxides, and Peroxides; 
Pentoses; Hexoses and Heptoses; Polysaccarides; 
Glucosides; Aldehydes; Ketones; Unsubstituted 
Monobasic Aliphatic Acids and their Esters; Sub- 
stituted Monobasic Aliphatic Acids; Polybasic 
Aliphatic Acids; Cyclic Acids and their Esters; 
Complex Acids and Derivatives; Sulfur Derivatives; 
Halogen Compounds. 


To be published in October, $10.00 


Principles, Apparatus and pH. 239 pages, $6.00 


Vol. II Inorganic Determinations. 950 pages, $12.50 


chemical science are on display at the Chemical Education Book 


[eter books and many other important VAN NOSTRAND works «f 
All VAN NOSTRAND books are available on approval. 


Exhibit. 


250 Fourth Ave., New York 3, N.Y. Publishers Since 1848 
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SIGGIA, S. Quantitative Organic Analysis Via Functional 


Groups. 1949 152 pp $3.50 John Wiley & Sons, Inc. 


SWIFT, E. H. Jntroductory ae Analysis. 
$4. 75 Prentice-Hall, #220) 
WEST. Calculation of eeentdtive Analysis. 1948 162 pp 
$2.75 The Macmillan Co. (#221) 
WILLARD, HOBART H., anp DIEHL, HARVEY. Advanced 
Quantitative an ysis. 1943 457 pp $5.75 D. Van Nos- 


trand Co. (#222) 
WILL ARD, HOBART H., anp FURMAN, N. HOWELL. 
Elementary Quantitative Analysis, Theory and Practice. 3rd 


Edition 1950 531 pp $4.75 D. Van Nostrand Co., Inc. 


(#223) 

WILLARD, HOBART H., FURMAN, N. HOWELL, anp 
FLAGG, JOHN F. A Short Course in Quantitative Analysis. 
1943 253 pp $3.75 D. Van Nostrand Co., Inc. (#224) 


ORGANIC 


ABERNETHY, JOHN LEO. Principles of Organic Chemistry. 
1949 317 pp $4.00 W. B. Saunders Co. (#225) 
ADAMS, R. Organic Reactions. (In seven volumes) Volume 
V 1949 446 pp $7.50 John Wiley & Sons, Inc. (#226) 
ADAMS, R. Organic Reactions. (In seven volumes) Volume 
VI 1951 517 pp $8.50 John Wiley & Sons, Inc. (#227) 
ADAMS, R. Organic Reactions. (In seven volumes) Volume 
VII 1953 440pp(inpress) John Wiley & Sons, Inc. (#228) 
ALEXANDER, E. R. Principles of Ionic Reactions. 1950 
319 pp = John Wiley & Sons, Inc #229) 
ALLEN, C. H. Siz-Membered Heterocyclic Nitrogen Com- 
pounds vite "Four Condensed Rings. 1951 358 pp $10.00 
Special price to subscribers, $9.00 (The Chemistry of Hetero- 
cyclic Compounds) Interscience. (#230) 
ANSON, M. L., BAILEY, KENNETH, ann EDSALL, JOHN 
T., Editors. "Advances in Protein Chemistry. Volume VII 
1952 411 pp $8.50 Academic Press, Inc. (#231) 
ARNOLD, RICHARD T., CAIRNS, T. L., CASON, JAMES er 
AL., Editors. Organic Syntheses. Volume XXXII 1952 
pp 119 $3.50 John Wiley & Sons, Inc. (#232) 
ASTLE, MELVIN J., anp SHELTON, J. REID. Organic 
Chemistry. 1953 771 pp $7.50 Harper & Brothers —_ 
233 
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BACHMAN, G. B. Organic Chemistry. 1949 432 pp $5.00 
McGraw-Hill. (#234) 
BAMBAS, L. L. The Chemistry of Heterecyclic Compounds. 
(Five-Membered Heterocyclic Compounds with Nitrogen and 
Sulfur, or Nitrogen, Sulfur, and Oxygen [except Thiazole). 
— 550 pp $14.00 Subscription price $12.60 tase i- 
#235) 

BOORD, C. E., BRODE, W. R., anp BOSSERT, R. G. Labor- 
atory Outlines and Notebook for Organic Chemistry. 2nd Edi- 


tion 1949 282 pp $3.25 John Wiley & Sons, Inc. (#236) 
BOUNDY anp BOYER. Styrene. 1952 1321 pp $20.00 
Reinhold. (#237) 


BRANCH, D. 
Advanced Course. 


anp CALVIN, M. Theory of Organic Chemistry, 
1941 523 pp $5.95 Prentice-Hall, Inc. 


(#238) 
BRAUNS, F. E. Chemistry of Lignin. 1952 808 pp $14.50 
Academic Press Inc. #239) 


“eo a R. Q. Organic Chemistry. 2nd Edition 1953 
840 pp $7 ‘00 Prentice-Hall, Inc #: 
R, R. Q. Organic A Brief Course. 1949 

$5.00 Prentice-Hall, Inc. (#241) 
BROOKS, Chemistry of the Nonbenzenoid Hydro- 
carbons. ®ad Edition 1950 630 pp $12.00 Reinhold. 


(#242) 

BURKE, O. W. JR. Light Hydrocarbon Analysis. 
pp $15.00 Reinhold. (#243) 
CALDWELL, W.T. Organic Chemistry. 1943 763 pp $5.50 
Houghton-Mifflin Co. (#244) 
CAMPAIGNE, E., HART, H., ann SCHUETZ, R. D.  Labora- 
tory Manual for a Short Course in Organic Chemistry. 1953— 


Summer Houghton-Mifflin Co. (#245) 
CASON, J. anp RAPOPORT, H. Laboratory Text of Organic 


Chemistry. 1950 416 pp $4.25 Prentice-Hall, Inc. (#246) 
“a RONIS, NICHOLAS D. Organic Chemistry. 1941 728 
$6.00 Thos. Y. Crowell Co. (#247) 


CHERONIS, NICHOLAS D. Semimicro and Macro Organic 
Chemistry. 1942 388 eo pp of Questions and Report 
Forms $3.75 Thos. Crowell (248) 

CHERONIS, NICHOLAS D., *ENTRIKIN, JOHN B. 
Semimicro Qualitative Organic Analysis. 1947 498 pp $5.00 


Thos. Y. Crowell Co. (#249) 
CONANT anv BLATT. Chemistry of Organic Compounds. 4th 
$5.90 The Macmillan Co. (250) 


Edition 1952 665 yp 


CONANT anv BLAT Fundamentals of Organic Chemistry. 


1950 413 pp $4.25 The Macmillan Co. (#251) 
COOK, J. W., Editor. Progress in Organic Chemistry. Volume 
Il 1953 250 pp $7.00 Academic Press Inc. (#252) 
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a A. C., Organic Syntheses. Volume XXX _ 1950 115 
$3.00 John Wiley & Sons, Inc. (#253) 
DAN, ALLAN R._ Electronic Mechanisms of Organic — 
950 314 pp $2.50 American Book Company. 54) 
DE GE RING, ED. F. An Outline of Organic Chemistry. 7 
Edition 1947 412 pp $1.50 Barnes & Noble. (#255) 
DEGERING, ED. F. An Outline of Organic Nitrogen Com. 
pounds. 5th Edition 1950 752 pp $8.75 University Litho. 
rinters. (#2 
DEGERING, ED. F. Fundamental Sa Chemistry. 
Edition 1948 500 pp $4.50 University Lithoprinters, 
2. 
DEGERING, E. F. The Quadri-Service Manual of Pre 
Chemistry. 1942 221 pp $3.25 Houghton-Mifflin Co, 


2 
DEGERING, ED. F. om 


56) 
2nd 


The Work-Book of Fundamental Po 


Chemistry. 1947 256 pp $1.75 University Lithoprinters, 
(#259 
DESHA,. L. J. Organic Chemistry. 2nd Edition 1952 565 
$6.50 McGraw-Hill. (#260) 
— A. P. The Furans. 1953 800 pp $18.00 Rein. 
old. #261) 
ELDERFIELD, R. C. Heterocyclic Compounds. V I 
1950 703 pp $15.00 John Wiley & Sons, Inc. ( #262) 
ELDERFIE b, ROBERT Hetrocyclic € ‘ompounds, Vol- 


ume II (Polycyclic Five- and Six-Membered Compounds Con- 
taining One O or S Atom) 1951 571 pp $15.00 John 
Wiley & Sons, Inc (#263) 
ELDERFIELD, ROBE RT CC. Hetrocyclic Compounds. Vol- 
ume ITI (Poly eyclic Derivatives of Pyrrole; Polycyclic Sys 
tems with One Nitrogen Common to Both Rings; Pyridine and 
Related Compounds) 1952 442 pp $12.00 John Wiley & 
Sons, Inc. ( #264) 
ELDERFIELD, ROBERT C. Heterocyclic Compounds.  Vol- 
ume IV (Quinoline, Isoquinoline, and Their Benzo Deriva- 
tives) 1952 674pp $17.00 John Wiley & Sons, Inc. 
(#265) 
ENGLISH. J., ann CASSIDY, H. Principles of Organic Chem- 
istry. 1949 500 pp $6.25 McGraw-Hill. (#266) 
FERGUSON, L. Electron Structures of Organic Molecules. 1952 
335 pp $6. 50 Prentice -e-Hall, Inc. (#267) 
FIESER anp FIESER. Organic Chemistry. 2nd Edition 14 
1140 pp $8.00 D.C. Heath and Company. (#2 
FIESER anp FIESER. Textbook of Organic Chemistry. 
749 pp $6.50 D.C. Heath and Company. (# 


FINAR, I. L. Organic Chemistry. 1951 696 pp $7.50 


Longmans, Green & Co., Ine. (4269-1) 
FRIEDEL, ROBERT A., anp ORCHIN, MILTON, — Ultravio- 
let Spectra of Aromatic Compounds. 1951 708 pp $10.00 
John Wiley & Sons, Inc. (#270) 


FUSON, R. C., CONNOR, R., PRICE, C. C., anp SNYDER, 
H.R. Brief Course in Organic Chemistry. (Revised Edition) 
1947 267 pp $3.75 John Wiley & Sons, Inc. (#271) 

FUSON, R. C., anp SNYDER, H. R. Organic Chemistry. 
1942 506 pp $5.00 John Wiley & Sons, Inc. (#272) 

FUSON, R. C. Advanced Organic Chemistry. 1950 669 pp 
$8.50 John Wiley & Sons, Inc. (#273) 

GARARD, I. D. Introduction to Organic Chemistry. 3rd 
Edition 1948 396 pp $38.75 John Wiley & Sons, ine 


#274) 
GETCHELL, R. W. Organic Chemistry: A Brief Course. 
1953 $4.00 


McGraw-Hill (#275) 

GILMAN, HENRY, Editor. Organic Chemistry: An Ad- 

vanced Treatise. Volume III 1953 607 pp $8.75 John 
Wiley & Sons, Inc 


(#276) 

GILMAN, HENRY, Editor. Organic Chemistry: An At 
vanced Treatise. Volume IV 1953 692 pp $8.75 John 
Wiley & Sons, Inc. (#277) 
HAGGLUND, ERIK, Editor. Chemistry of Wood. 1951 631 
$13.50 Academic Press Inc. (#278) 
HAMERSLAG, FRANK E. The Technology and Chemistry ¢ 
Alkaloids. 195G 384 pp $7.00 D. Van Nostrand Com 
HART, HAROLD, SCHUETZ, R. D. Short Course in 
Organic Chemistry. 1953 336 pp $4.75 Houghton- me 


0. 
HARTOUGH, H. D. Thiophene and Its Derivatives (with spe 
cial chapters by F. P. Hochgesang and F. F. Blicke). 1952 
552 pp $16.50 Special price to subscribers, $15.00 (The 
Chemistry of Heterocyclic Compounds) Interscience. (4281) 
HOFMANN, KLAUS. Imidazole and Its Derivatives (Part 1). 
(The Chemistry of Heterocyclic Compounds) 1953 Approx 
450 pp Interscience. ( #282) 
HOLLEMAN, A. F., anv WIBAUT, J. P. Textbook of Organit 
Chemistry. 1951 ’ 676 pages $9.00 Elsevier. ( #283) 
HUDSON, C. CANTOR, 8S. M., anno WOLFROM M. 
Editors.’ Advances in Carbohydrate Chemistry. Volume VII 
1952 370 pp $7.50 Academic Press Inc. ( #284) 
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at Chicago 


L. F. Fieser and M. Fieser 


ORGANIC CHEMISTRY, SECOND EDITION 
1140 pages $8.00 (Classification: Organic) 


Thorough revision has made a very good book still better. Changes in topics 
have been determined by the latest research. There are two new chapters, 
“Reaction Mechanisms” and “Heterocyclic Compounds.” 


L. F. Fieser and M. Fieser 


TEXTBOOK OF ORGANIC CHEMISTRY 
749 pages $6.50 (Classification: Organic) 


A brief text for the one year course, providing a solid foundation of funda- 
mental fact and theory. Unique chapter summaries and problems. 


B S. Hopkins and J. C. Bailar 


GENERAL CHEMISTRY FOR COLLEGES, FOURTH EDITION 
704 pages $6.00 (Classification: General and Inorganic) 


Content stresses the importance of chemistry in modern life. Distinctive 
new format makes for easy reading. With laboratory manual, LABORATORY 
AND CLASSROOM EXERCISES IN GENERAL CHEMISTRY, SIXTH EDITION, by Hopkins, 
Moeller, and Tamres. 


J. W. McBain 
COLLOID SCIENCE 
458 pages $6.75 (Classification: Coiloid) 


This comprehensive introduction to the subject and its applications lists the 
major treatises, bibliographies, and references in each field. It highlights a 
new systematic approach and synthesis, simply stating all concepts and 
present trends. 


William C. Oelke 


SEMIMICRO QUALITATIVE ANALYSIS 
386 pages $4.00 (Classification: Semimicro) 


A clear, simple presentation of chemical theory and of laboratory directions 
—a real tool for the student. Abundant illustrations, diagrams, charts, and 
tables. Examples of calculations worked out in detail. Footnote references. 
An extensive review and refresher section. 


George M. Rawlins, Jr., and Alden H. Struble 
CHEMISTRY IN ACTION, SECOND EDITION 
611 pages $3.80 (Classification: High School texts) 


A well organized, teachable text designed to fit any standard course. Modern 
treatment of recent chemical developments. Includes a large unit on 
organic chemistry. Excellent review questions and problems. Usefully 
illustrated. Teacher's handbook, laboratory manual and key, tests and keys 
available. 


D.C. HEATH AND COMPANY 


New York 14 Cuicaco 16 SAN FRANCISCO 5 ATLANTA 3 
Dattas 1 Home Office: Boston 16 
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HUNTRESS, E. H. Organic Chlorine Compounds. 
wt $27.50 John Wiley & Sons, Inc 
HUNTRESS, E. H., ano MILLIKIN, S. P. Identification of 


1948 1443 


(#285) 


Pure Organic Compounds. 691 pp $10.00 

John Wiley & Sons, Inc. (#286) 

INGOLD, C. K. Structure and Mechanism in Organic Chemis- 

try. 1953 835 pp $9.75 Cornell University ns . 

#287) 

JORDAN, EARL T. Vapor Pressure of Organic Compounds. 
1953 Approx. 400 pp. Approx. $10.00 Interscience. 


(#288) 
KARRER, P. Organic Chemistry. 4th English Edition 1950 
1000 pages $8.50 Elsevier. (#289) 
KIPPING, F. STANLEY, anv KIPPING, F. BARRY. Perkin 
and Kipping’s Organic Chemistry. Combined Edition Vol- 
ume I and — II 1949 1062 pp $6.00 D. Van Nos- 
trand Co., (#290) 
KIPPING, STANLEY, AND KIPPING, F. BARRY. Perkin 
and Kipping’ s Organic C hemistry. Volume III 1950 435 pp 
$4.50 D. Van Nostrand Co., Inc. (#291) 
KOSOLAPOFF, GENNADY M. Organophosphorus Compounds. 
1950 376 pp $9.50 John Wiley & Sons, Inc. (#292) 
LOWY, A., anp BALDWIN, W. E. A Laboratory Book of Ele- 
mentary Organic Chemistry. 3rd Edition 1949 
$3.25 John Wiley & Sons, Inc 
LOWY, ALEXANDER, HARROW, BENJAMIN, anp APFEL- 
BAUM, PERCY M.” An Introduction to Organic Chemistry. 
1951 480 pp $5.50 John Wiley & Sons, Inc. (#294) 
LUCAS, H. J., ann PRESSMAN, D. Principles and Practice in 
1949 557 pp $6.00 John Wiley & 
Sons, I (#295) 
LUCAS, HOWARD J. Organic Chemistry. 2nd Edition Sep- 
1953. Approx. 736 pp American Book (gone) 
#296) 
MACY, RUDOLPH. Organic Chemistry Simplified. 2nd Edi- 
tion (Revised and Enlarged) 1953 512pp $12.00 Chem- 
ical Publishing Co., Inc. (#297) 
MANN, FREDERICK GEORGE. The Heterocyclic Derivi- 
tives of Phosphorus, Arsenic, Antimony, Bismuth and Silicon. 
(The Chemistry of Heterocyclic Compounds) 1950 190 pp 
$5.25 Subscription price $4.20 Interscience. (#298) 
MANSKE, R, H. F., anp HOLMES, H. L., Editors. The Alka- 
loids. Volume III 1953 (Summer) Approx. 500 pp Ap- 
prox. $11.00 Academic Press Inc. (#299) 
McELVAIN. The Characterization of Organic Compounds. 
2nd Edition 1953 303 pp $4.50 The Macmillan Co. 


Order I 1941 


(#300) 
MITCHELL, JR. JOHN, KOLTHOFF, I. M., PROSKAUER, | 


E. S., anD WEISSBERGER A., Editors. Organic Analysis, 
: Series of Collective Volumes. Volume I 1953 Approx. 
486 pp. Approx. $8.50 Interscience. (#301) 
MULDOON, HUGH C. Organic Chemistry. 3rd Edition 
1948 648° pp $6.00 The Blakiston Co. (4302) 
aa" CARL R. Chemistry of Organic Compounds. 1951 
885 pp $7.50 W. B. Saunders Co. #303) 
NOLLER, CARL R. Textbook of Organic Chemistry. 1951 


643 pp $5.75 W. B. Saunders Co. (# 

PORTER, C. W., ano STEWART, T. D. The Essentials of Or- 
ganic Chemistry. (Revised E dition) 1953 394 pp $5.00 
Ginn & Co. (4305) 
RALSTON, A. W. Fatty Acids and Their Derivatives. 1948 
986 pp $15.00 John Wiley & Sons, Inc. (#306) 
REMICK, A. E. Electronic Interpretations of Organic Chemistry. 
2nd Edition 1949 600 pp $6.50 John Wiley & Sons, Inc. 
(4307) 
RICHTER, G. H. Laboratory Manual of Elementary Organic 
Chemistry. 2nd Edition 1951 146 pp $1.96 John Wiley 
& Sons, Inc. (#308) 
RICHTER, GEORGE HOLMES. Textbook of Organic Chem- 
istry. 3rd Edition 1952 762 pp $6.75 John Wiley & 
Sons, Inc. (#309) 
RIETZ, E. G., anp 00 on 638 C. B. Problems in Organic 
Chemistry. 1953 400 p $3.95 Prentice-Hall, Inc. (#310) 
ROBERTSON, J. MONTEATH. Organic Crystals and Mole- 
cules: Theory of X-Ray Structure Analysis with Applications to 
Organic Chemistry. 1953 Approx. 360 pp $5.00 Cornell 
University Press. (#311) 
scHNEIDER, F. Qualitative Organic Microanalysis. 1946 
218 p $4.50 John Wiley & Sons, Inc (#312) 

SCHREIBER S., ARNOLD, RICHARD T., CAIRNS, 
t al., Organic _ Volume XXxI 
122 pp $3.50 John Wiley & Sons, I (#313) 
scHWw ENCK, J. RAE ano MARTIN, RAYMOND M. Basic 
Organic Chemistry. 1951 323 pp $4.75 The 
#314 
SHIRLEY, DAVID ALLEN. Preparation of Organic Interme- 
diates. 1951 328pp $7.50 John Wiley & Sons, Inc. (#315) 
SHRINER, R. L., anp FUSON, R. C. Systematic ——— 

of Organic Compounds. 3rd’ Edition 1948 370 pp $4.50 
John Wiley & Sons, Inc. (4316) 


SIMPSON, J. C. E. Condensed Pyridazine and Pyrazine Ring 
per Phthalazines, and Quinoxalines). 1953 410 pp 
$12.50 Special price to subscribers, $11.25 (The Chemistry 
of Heterocyclic Compounds) Interscience. (4317) 

SISLEY, J. P., anp Woop, P. J. Encyclopedia of Surface-Ade 
Agents. 1952 540 pp $15.00 Chemical Publishing (Co, 

3 

STEYERMARK, AL. Quantitative Organic 
1951 389 pp ’$7.00. The Blakiston Co. (#319) 

SUTER, C. M. Organic i ia of Sulfur. 1944 898 p 
$12. 00 John W iley & Sons, I (#320) 

THEILHEIMER, W. Synthetic “Methods of Organic Chemistry, 
Volume VII 1953 464 pp $14.90 Interscience. (#321) 

TURNER, E. E. anp HARRIS, M. M. Organic Chemistry. 

1952 904 | pp $10.00 Longmans, Green & Co., Inc. (4321-]} 

UNDERKOFLER, LELAND A. A Brief Introduction To Or. 

— Chemistry. 1953 352 pp $4.25 D. Van “a 
o., Ine. 

VENKATARAMAN, K. The Chemistry of Synthetic so 
Volume I 1952 704 pp $14.50 Academic Press 

VENKATARAMAN, 


K. The Chemistry of Synthetic 
Volume II 1952 737 pp $15.00 Academic Press, Inc. 
(#324) 
VOGEL, ARTHUR. Practical Organic Chemistry. 2nd Kdi- 
tion 1951 1033 pp $10.00 Longmans, Green & Co., Ine. 
( 4324-1) 
WAGNER, ROMEO B., ann ZOOK, HARRY D. Synthetic 
Organic Chemistry. 1953 887 pp $11.50 John Wiley & 
Sons, Inc (#325) 
W ATERS, WILLIAM A. Physical Aspects of Organic Chemis 
4th 1950 539 pp a College $8.00 Refer. 
D. Van Nostrand Co., (#326) 
W EISSBE RGER, ARNOLD, ‘Mditor. Technique of Organic 
Chemistry. Volume VIII (Investigation of Rates and Mech- 
anisms of Reactions) Edited by S. L. Friess and Arnold 
Weissberger 1953 746 pp $12.50 Interscience. (#337) 
WELCHER, FRANK J. Organic Analytical Reagents. Vol- 
umeI 1947 444pp $9.25 D. Van Nostrand Co., Ine. 


(#328) 

WELCHER, FRANK J. Organic Analytical Reagents. Vol 
ume II 1947 530pp $9.25 D. Van Nostrand Co., Ine. 

WELCHER, FRANK J. Organic Analytical Reagents. 

III 1947 593 pp $9.25 D. Van Nostrand Co., Inc. (#330) 

WELCHER FRANK J. Organic Analytical Reagents. Vol- 
ume IV 1948 530 pp $9.25 D. Van Nostrand Co., Ine. 


(#331) 

WERTHEIM, E. Experiments in Organic Chemistry. 2nd 
Edition 1950 221 pp $2.50 The Blakiston Co. (#322) 
WERTHEIM, E. Introductory Organic Chemistry. 2nd Edi- 
tion. 1948 473 pp $4.25 The Blakiston Co. (#333) 
WERTHEIM, E. Laboratory Guide for Organic Chemistry. 
3rd Edition 1948 457pp $3.75 The Blakiston Co. (#334) 
WERTHEIM, E. Practical Organic Chemistry. 1953  Ap- 
prox. 384pp Approx. $2.75 The Blakiston Co. (#335) 
wh RTHEIM, E. Textbook of Organic Chemistry. 3rd Edition. 
1951 958 pp $6.00 The Blakiston Co #336) 
WHELAND, G. W. Advanced Organic Chemistry. 2nd Edition 
1949 799 pp $8.50 John Wiley & Sons, Inc. (#337) 
WHELAND, G. W. Theory of Resonance and Its A pplication to 
Organic Chemistry. 1944 316pp $6.00 John Wiley & Sons, 


Ine. (# 
WHISTLER, R. L., anpDSMARTC.L.. Polysaccharide Chemis- 
try. 1953 493 pp $10.80 Academic Press Inc. (#339) 
WHITMORE, FRANK C. Organic Chemistry. 2nd -. 
1951 960 pp $9.00 College $12.00 Reference D. Van 
Nostrand Co., Inc. (4340) 
WILLIAMS, ROGER J., AN» BREWSTER, RAY Q. A Lab 
sa Manual of Organic Chemistry. 4th Edition be 
226 pp $3.25 D. Van Nostrand Co., Inc #34 
WIL LIAMS, ROGER J., anp HATCH, LEW IS F. An Intro 
duction to Organic Chemistry. 5th Edition 1948 668 pp. 
$4.75 D. Van Nostrand Co., Inc. (#342) 
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AMIS. Kinetics of Chemical Change in Solution. 354 pp 
$5.25 The Macmillan Co. ( #343) 
BABOR, JOSEPH A., anv THIESSEN, GARRETT W. How 
to Solve Problems in General C "hemistry. 1944 215 pp joo 


Thos. Y. Crowell Co. 
BELL, R. P. Acids and Bases. 1952 90 pp $1. ” a 


Wiley & Sons, Inc. 
BRODE, W. R. Chemical Spectroscopy. 2nd niin 
1988 


679 pp $7.50 John Wiley & Sons, Inc 
BROWN, G.I. Short Guide to Modern Valence Theory. 

175 pp $2.50 Longmans. Green & Co., Inc. ( #346-1) 
BUCKLEY, H. E. Crystal Growth. 1951 571 pp $9.0 


John Wiley & Sons, Inc. (#347) 
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QUANTITATIVE ANALYSIS 
By HARVEY DIEHL, Iowa State College, and G. FREDERICK 
SMITH, University of Illinois. This practical text contains over 
100 illustrations and offers over 450 problems on methods, 
calculations and applications. ‘“The many excellent features, 
often unique in character, commend this text very strongly to 


BIOCHEMISTRY 

By JOSEPH S. FRUTON and SOFIA SIMMONDS, Yale Uni- 
versity. ‘‘This book approaches the ideal text on biochemistry 
as nearly as I can imagine any book doing. It integrates all 
biochemical reactions. . . . The available facts have been com- 
pletely digested and there is no indication of merely referring 


By ARTHUR K. ANDERSON, the Pennsylvania State College. 
Presents the important aspects of biochemistry relating to the 
animal body with emphasis on the chemistry of the carbo- 
hydrates, lipids, and proteins. Especially designed to give a 
good, basic knowledge of biochemistry to students who lack 


INORGANIC CHEMISTRY, An Advanced Textbook 
By THERALD MOELLER, University of Illinois. Marked by 
the author's reasonable balance between theoretical and descrip- 
tive treatments, this book surveys the entire field of modern 
inorganic chemistry. This book “‘gives advanced students a 
feeling for current researches and an idea of what may be ex- 


TEXTBOOK OF ORGANIC CHEMISTRY, third Edition 

By GEORGE HOLMES RICHTER, Dean of the Rice Institute 
and Professor of Organic Chemistry. This book is set apart from 
the majority of other textbooks by its thorough treatment of 
the basic fundamentals: nomenclature, theories, synthesis and 
reactions. Many new topics are considered in the third edition— 


CHEMICAL CALCULATIONS 

By SIDNEY W. BENSON, University of Southern California. 
Written to help beginning students overcome the difficulty of 
applying mathematical reasoning to chemical problems, this 
book offers a consistent, rational and integrated approach to the 
use of mathematics in chemistry. “I am especially impressed 


CHEMISTRY, sixth Edition 

By H. G. DEMING, formerly of the University of Nebraska. Many 
new topics are covered in the sixth edition of this widely used 
text, among them new compounds of silicon and fluorine, sur- 
face-active agents, and products of nuclear reactions. *‘Descrip- 


PRINCIPLES OF GEOCHEMISTRY 

By BRIAN H. MASON, the American Museum of Natural History. 
This book summarizes the significant chemical facts and ideas 
and synthesizes these data into a scientific account of the physics 
and chemistry of the earth. The Journal of the American Chemical 
Society says . an excellent introduction to geochemistry 


|KINETICS AND MECHANISM 

By A. A. FROST and RALPH G. PEARSON, both of Northwestern 
University. Here is a study of homogeneous chemical reactions 
that stresses the complexities of chemical reaction and the close 
relation of kinetics to mechanism—particularly the mechanism 
of organic reactions. ‘The book is an excellent one, and it will 
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the profession. The authors . . . are to be very highly compli- 


mented on their discreet combination of theory and practice 
in an unusually teachable text . . ."’-—Professor C. C. Meloche, 
University of Michigan. 

1952. 539 pages. $5.00 
to the observations made by individual investigators. . . . The 


index is very complete.’'—Professor C. A. Elvehjem, University 
of Wisconsin. 


1953. 940 pages. 238 illus. $10.00 


ESSENTIALS OF PHYSIOLOGICAL CHEMISTRY, Fourth Edition 


specialized training, this edition has been revised to ap sees 
many modern advances. This is a textbook that has already 
proven itself in three earlier editions, used in nearly 200 colleges. 

1953. $5.00 


480 pages. illus. 


pected in the future. The author has performed a great service 
in writing this systematic, comprehensive and thoroughly 
modern text.'’"—The Science Counselor. 

1952. 


966 pages. $10.00 


new theory, reactions, products. ‘‘Written with the same 
clarity as previous editions. It should provide the beginning 
student (with) a firm basis for his studies in a field of chemistry 
new to him.’’—The Double Bond. 


1952. 762 pages. $6.75 


by the lucid and readable explanations and by the choice of 
ae . . . the best book on chemical calculations at the 
reshman level that I have seen.'’—Professor D. C. Layde, 
University of Wisconsin 

1952. $2.95 


217 pages. illus. 


tive matter, illustrations, exercises, student and instructional 
aids, are all exceedingly well done.''—The Southern Chemist 
212 illus. $5.75 


1952. 656 pages. 


as a subject. The coverage is comprehensive, the presentation 
lucid, and the relative emphasis of the various parts of the 
subject wise and appropriate.” 


1952. 276 pages. $5.00 


provide a long needed treatment of a highly important field of 
chemistry. One cannot help but admire the care and scholarly 
tone which the authors have given to their work.''—Professor 
Don M. Yost, California Institute of Technology. 

1953. 343 pages. $6.00 


ORGANIC REACTIONS, volume vi 


Editor-in-Chief, ROGER ADAMS, University of Illinois. 1953. 440 pages. $9.00 


Send today for on-approval copies of any of these books. 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N. 


Rings | 
#319) | 
8 pp | 
#320 
istry, 
#321 | 
istry, 
21-1) 
0 Or. 
trand | 
132) | GENERAL 
Dyes, 
#323) 
Dyes, 
#324) 
24-1) | 
thetic 
ay & 
#325) 
emis- 
tefer. 
#326) 
ganic 
Tech- | 
rnold 
#337 
Vol- 
#328) | 
Vol- 
#329 
lume | 
#330 | 
Vol- 
#331) | 
2nd 
#322 | 
Edi- 
#333 
istry. | 
#334) 
Ap- 
#335) 
‘ion, 
#336) 
ition 
#337) 
ion to 
Sons, 
#338) 
emis- 
#339 
lition 
Van 
#340 | 
Lab- | 
1948 
#341) 
Intro- 
54 pp | 
$343) 
How 
$1.50 
#344) | 
4345) 
1943 
4346) 
1953 | 
$9.00 
1983 
63 


CHEMISTRY 
CHEMICAL ENGINEERING 


MATERIALS ENGINEERING 
METALLURGY 


. . . including the latest 
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Monographs 


CHEMICAL PROCESS MACHINERY—RIEGEL (2nd Edition) 


This new, greatly enlarged edition of Riegel’s widely-adopted Chemical 
Machinery is abreast of latest developments in the equip t of the chemical 
and process industries. Scores of new diagrams, photographs and tables 
make the construction and operation of recently employed machinery 
readily understandable. 

Describes and illustrates only equipment now commercially available, 
including such striking new devices as multispheres and multicylinders, 
high-speed centrifugal separators and such new or greatly improved equip- 
ment as the P-A cyclonic spray tower, the P-A Venturi scrubber, continuous 
crystallizers, absorption refrigerators, the molecular still, and the turbo- 
drier. Brand new descriptive material is included on distillation, the mixing 
of liquids and instruments for the control of chemical processes, as well as 
greatly expanded descriptions of evaporators, driers, heating and cooling 
equipment, pumps, and scores of other important topics. 


1953, 750 pages, $12.50 


HYDROCARBONS FROM PETROLEUM—ROSSINI 


This vitally important new book brings together within the pages of a single 
volume the results of 26 years’ work by the American Petroleum Institute 
Research Project 6 on the composition of petroleum, the fractionation and 
analysis of hydrocarbons, the development of fractionating processes, 

urification, and the measurement of the physical properties of hydrocarbons. 

lear, authoritative information is offered on the principles of fractionating 

Ir ; the develop t and operation of apparatus for fractionating by 
distillation, extraction, absorption and crystallization; purification and purity 
determinations of hydrocarbons, analyses of hydrocarbons and many other 
vital topics. Unusually complete literature references close each chapter, 
and a complete list of references to papers of the API Research Project is 
contained in the Appendix. 


ACS Monograph, 1953, price and size to be announced 


TEXTILE FIBERS, YARNS AND FABRICS—KASWELL 


Based directly on the research results of over 400 investigators, this eagerly- 
awaited book is the first to evaluate the engineering, physical and chemical 
behavior of natural and synthetic textile fibers, yarns and fabrics. It 
offers a carefully annotated, interpretative bibliography of textile behavior 
with special reference to wool. 

The first section discusses fully such characteristics as stress and strain, 
energy absorption, elastic modulus, repeated stress, chemical, thermal, 
biological and environmental resistance. Inthe second section, the relation- 
ships of these fiber properties to such fundamental fabric requirements as 
abrasion resistance, crease retention, wrinkle resistance, ‘‘hand,’’ thermal 
conductivity and air-water permeability are explained in unusual detail. 
Includes a complete study of all fibers including such recent synthetics as 
Dacron, Vicara, X-51, etc. 

1953, 450 pages, $11.00 


PRACTICAL CHROMATOGRAPHY—BRIMLEY and BARRETT 


Written by two leading English chemists, this valuable new book offers a 
factual, well-organized introduction to an increasingly important subject. 
It is the very first book in any language to cover paper chromatography, ion 
exchange and latest apparatus all in a single volume. Detailed instructions 
are provided for setting up chromatograms for rapid identification of reac- 
tions, hydrolyses and purity determinations. Brimley and Barrett’s book, 
with its wealth of practical how-to-do-it information, will prove in: spensable 
to analytical and industrial chemists, and to research worker. in many 
fields wherein chromatographic methods are or could be applied. 


1953, 128 pages, $5.00 


GLYCEROL—edited by MINER and DALTON 


Written by leading research scientists under the sponsorship of the Glycerine 
Producer’s Association of America, this valuable new monograph brings you 
for the first time complete information on the sources, recovery, refining and 
uses of glycerol. 

_ All important recent developments—synthetic glycerol, purification by 
ion exchange, and many others—together with latest designs in equipment, 
are fully discussed. The chapters on standards and specifications, analysis, 
physical and chemical properties, offer latest available data in easy-to-read 
tabular form. The ever-increasing uses of glycerine are fully described to 
point out the great variety of present-day applications. The chapters on 
physiological and microbiological uses reflect not only the most recent 
techniques and equip t, but also offer full proof of the nutritional value 
of glycerine. As the only complete, up-to-date book available on its subject, 
Miner and Dalton’s monograph will prove indispensable in the many 
widespread fields, wherein glycerine plays its vitally important role. 


ACS Monograph, 1953, 500 pages, $12.00 
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FOAMS: THEIR THEORY AND INDUSTRIAL APPLICATION—BIKERMAN employi 
This vitally important new book is the only complete treatise on the subje¢ § #5 the 
of foam in existence. Written by a well-known authority in the field with ® f the . 
the assistance of three widely-experienced collaborators, the book critically extract! 
reviews the world literature on foam and offers a thoroughly up-to-date B COMPOS! 
treatment of its physical chemistry and industrial applications. f special ) 20d solt 
importance are the amazingly thorough descriptions of the uses of foams in 
such important fields as fire prevention, froth flotation and chemical destruc. 
tion of foam. Bikerman’s book will prove invaluable to all physical chem. TEXTILE 
ists, colloid chemists, and to technologists in the soap, petroleum, rubber, 
plastics, paint, beverage and other industries. 
1953, price and size to be announced 


INDUSTRIAL WASTES: THEIR DISPOSAL AND TREATMENT—edited by 
RUDOLFS 


properti 
propertit 


es us 
Eighteen experts offer a thorough, completely up-to-date study of the dis. in 
posal problems of such industries as meat packing, leather, pulp and paper, conditio: 
coal, etc. Physical, chemical and biological considerations of each typeof and flan 
problem are developed in full detail. ou’ll find complete information o § textile n 
the scope of the waste treatment problem in general, the basic principles of B textile pl 
stream pollution and self-purification, and modern views, theories and 
applications of individual treatment problems. Ample attention is also 
given to recovery of waste by-products. Recent advances are given special § CHEMIC 
emphasis. Radioactive waste treatment is discussed in the light of lates Reshaal 
available information. Valuable guidance for all chemists and engineer ol ne 
concerned with specific waste problems, municipal officials charged with of io od. 
control of pollution, and consulting engineers in the design of waste treat- operatios 
ment plants. skillfully 
ACS Monograph, 1953, 450 pages, $9.50 8 associate 
organiza’ 
FORMALDEHYDE—WALKER (2nd Edition) —that oi 
This new edition of Walker’s widely-praised monograph offers a completely — 
modern, systematic summary of the manufacture, properties, chemical re- aetical 
actions and uses of formaldehyde. Special attentioa is devoted to such = sons 
important aspects as physical and thermodynamic properties, methods of B “Seer 
production, handling characteristics, the analysis of commercial formal- 
dehyde solutions and polymers, the formation of hexamethylenetetramine, THE PHY 
and all latest industrial applications. The numerous advances in formalde. ‘ 
hyde chemistry and rs or ea are covered in full detail, and separate This volt 
chapters deal with the latest known reactions of formaldehyde with variou § Harkins 
types of chemical pounds. Indisp ble to the novice as a succinct § tensior a 
introduction, and to seasoned investigators who wish to construct new§ earlier pu 
molecules to meet technological requirements. — 
ACS Monograph, 1953, 464 pages, $12.0 aot previ 
technical 
RADIOISOTOPES IN INDUSTRY—edited by BRADFORD whose we 
Based on a series of lectures presented at Case Institute of Technology § types of b 
and amended to include the most recent developments, this valuable book value, 
represents a succinct compilation of the most up-to-date available informs 
tion on this fast-growing field. Accompanied by a wealth of halftones, EXTRU 
tables and graphs, Bradford’s book covers not only the many uses of radio- sit 
isotopes, but also such important related topics as laboratory constructiot,§ This valu 
shielding, personnel protection, handling techniques and radioactive wast # extrusion 
disposal. Also of special interest is the chapter on the recently develope’ about twe 
industrial uses of gross fission products prepared by a group of collaboraton§ plastics, 
at Stanford Research Institute. industrial 


Written with a minimum of mathematics and can be used profitably by B® methods « 
those without extensive chemical or engineering training. An invaluable the extrus 


aid to chemists, engineers, metallurgists, and physicists. ics, graph 
1952, 400 pages, $8,005 in the fie 

descriptio 

THE FURANS—DUNLOP and PETERS actual ope 


The first complete treatment ever published on the subject of furan chemis- 
try. In direct, readable style, it provides a ready source of information 0 | PERFORM 
the behavior and applications of all furan types, including industrially im- 


For the practicing chemist and technologist, the book is conveniently characteri 
divided into two separate sections. The first deals with the chemistry 0 Geeencho 
furan compounds, including the behavior characteristics of the furan ring, + gpezagas 
type derivatives and type reactions with special attention given to rimy 1 


cleavages. The second section is devoted to the industrial application 0 , 
Sashes and its derivatives. Here, separate chapters describe the chemicalj tant to 
intermediate uses such as nylon, lycine, dihydropyran, etc., the solvent and 
selective solvent applications, and the commercial outlets in the resin field. . 
Invaluable to industrial research personnel at all levels and ideally suited manufactu 
for courses in advanced heterocyclic chemistry. 


catii 
ACS Monograph, 1953, 864 pages, $18.0)" 
STARCH—ITS SOURCES, PRODUCTION AND USES—BRAUTLECHT a 
y 


This valuable general survey assembles into a single volume all the basit f 
information on the sources, technology and uses of starch. Major emphasis ame ee 
has been placed on white potato starch its characteristics, specifications 
methods of analysis, uses, and the economics of various plant materials. completel 

Full information, however, is also included on such other starch sources # 23,000 om 
sweet potatoes, corn, tapioca, wheat and rice. Latest processes and equip 
ment used in all types of starch production are described in unusually -— 
plete detail. Selected references, illustrations of materials, processes * book for th 
equipment, make Brautlecht’s book indispensable to all concerned with tht salesman 
manufacture, chemistry and numerous industrial uses of starch, particularly: , 
in the paper, textile, adhesives, and food industries. 


1953, 400 pages, $10.00 
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WOOD CHEMISTRY—WISE & JAHN (2nd Edition) 


This new two-volume book brings the material of the authors’ previous 
edition abreast of the latest developments and the most recent literature 
of its field. Here you will find the most recent information available on the 
basic chemistry underlying the important industrial processes and products 
employing wood or wood cellulose. Fully covered are such important topics 
as the growth, anatomy and physical properties of wood; the chemistry 
of the major components (cellulose, the hen lluloses and lignin); the 
extractives, such as volatile oils, resins, tannins, etc.; the biochemical de- 
composition of wood; the physical chemistry of cellulose including surface 
and solution properties; and analytical procedures in wood chemistry. 
ACS Monograph, Vol. 1—1952, 700 pages, $15.00 
Vol. 2—1952, 600 pages, $15.00 


TEXTILE CHEMICALS AND AUXILIARIES—SPEEL 


Written on a practical level by a staff of leading textile chemists and edited 
by a nationally known textile consultant, this important new book deals with 
the role of chemicals, finishing agents and auxiliaries in the modern textile 
industry. The book begins with a discussion of the physical and chemical 
properties of natural, semisynthetic and fully synthetic fibers—their types, 
properties and behavior. Separate caapters then describe the general proc- 
esses used in preparation, dyeing and printing, and various types of finish- 
i The remainder of the book deals with such topics as water and its 
conditioning, the use of fats and oils, starches, gums and glues, solvents 
and flameproofing agents. This volume will find a useful place in every 
textile mill in the country and may well serve as a textbook for courses in 


textile processing. 
1952, 500 pages, $10.00 


CHEMICAL ENGINEERING TECHNIQUES—LAUER & HECKMAN 


Emphasizing technique rather than specific equipment, this up-to-date 
volume provides an unusually complete and thoroughly rational assemblage 
of industrially proven methods for conducting chemical manufacturing 
operations. ach technique is presented as a means to an end, and all are 
skillfully classified according to function. Here is not just a series of un- 
associated operations, but a closely-knit unit having continuity, purpose and 
organization. Throughout the book, eo is shown in its true position 
—that of a tool rather than a method. Ideally suited as a textbook for 
chemical engineering students, to all professional engineers and chemists, 
and to executives in many fields who need a simple, clearly-defined book as a 
practical means of understanding the field and interest of the chemical 


engineer. 
_ 1952, 450 pages, $6.00 


THE PHYSICAL CHEMISTRY OF SURFACE FILMS—HARKINS 


This volume covers all the fundamental pioneer work of the late W. D. 
Harkins on the mechanism of liquid/liquid films and interfaces, surface 
tensior and emulsification. Though some of the material has appeared in 
earlier publications, this new book serves as an invaluable guide to the many 
advances in emulsion technology——including emulsion polymerization—on 
which the author was working at the time of his death, much of which has 
not previously been published. The papers included are offered to the 
technical public in book form for the first time. All chemists and physicists 
whose work involves an understanding of detergency, films, foams or any 
types of heterogeneous systems should find this basic treatise of the utmost 


value. 
1952, 450 pages, $10.00 


EXTRUSION OF PLASTICS, RUBBER & METALS—SIMONDS & WEITH 


This valuable new book offers you for the first time a complete coverage of 
extrusion as an important processing operation. The first part, comprising 
about two-thirds of the material, is devoted exclusively to the extrusion of 
plastics. Here, the amazing versatility of the extruding machine as an 
industrial unit is fully described together with all commercially important 
methods of dry extrusion. The remainder of the book focuses attention on 
the extrusion of metals and such materials as rubber, food products, ceram- 
ics, graphite and even ice. With special attention given to recent advances 
in the field, the book offers both a technical and practical approach, all 
descriptions of extrusion methods being carefully geared to the nature and 
actual operation of factory equipment. 

1952, 463 pages, $10.00 


PERFORMANCE OF LUBRICATING OILS—ZUIDEMA 


Amply supplied with valuable charts, tables and illustrations, this important 
tew book summarizes and evaluates the wealth of data on the performance 


of haracteristics of lubricating oils under various conditions. The subject is 


‘pproached from the point of view of the performance characteristics that 
are common to all applications. Here, you’ll find discussions not only of 
teneral lubrication requirements, but entire chapters devoted to such im- 
portant topics as the lubrication process, flow characteristics, sludge and 
lacquer deposition, emulsification and foaming, with ample reference to 
Wscosity, pour point, and extreme pressure lubrication. The book will 
prove invaluable to all technical men concerned with the development, 
manufacture and use of lubricating oils, and to everyone interested in lubri- 
cation problems regardless of application. 

ACS Monograph, 1952, 250 pages, $5.00 


THE CONDENSED CHEMICAL DICTIONARY—TURNER (4th Edition) 


Absolutely unparalleled in usefulness, the previous editions of this world- 

ious reference book have long supplied the personnel of the chemical and 
related industries with a wealth of specific information about a vast number 
of commercial substances and chemical data. This Fourth Edition has been 
completely revised, brought up to date and enlarged to a new total of over 
23,000 entries. The number of so-called specialties (sold under trade or 
brand names) has been enormously expanded, and names and addresses of 
ull manufacturers of trade name items are conveniently listed. Here is the 
book for the busy chemist, chemical engineer, consultant, purchasing agent, 
salesman, advertiser, executive, librarian—in fact, it is designed for those 
almost every line of activity who need quick, accurate information on 


ges, $1 0,0 


ER, 1%: 


themical terms and related data. 
1950, 760 pages, $12.00 


ELEMENTS OF FOOD ENGINEERING—PARKER (Vol. 1) 


To be published in three volumes, this important new book discusses the 
production, preparation, processing, handling and distribution of foods from 
the unit operation and unit process points of view. A 

Volume 1 defines the subject matter, discusses the meanings of processed 
and refined foods, and prepares the reader for the basic unit operations and 
unit processes of food engineering. It outlines the origins, vital properties 
and classifications of foods, the scope and extent of the food processing in- 
dustries, the significance of the engineering factors employed in food proc- 
essing, and includes a penetrating discussion of refined foods processing. 


1952, 390 pages, $8.75 


VOLUMETRIC AND PHASE BEHAVIOR OF OIL FIELD HYDROCARBON 
SYSTEMS—STANDING 


This practical book collects into a single volume the scattered data on the 
behavior of hydrocarbon systems in petroleum reservoirs. To systematize 
discussions of phase behavior, complex hydrocarbon systems have been 
divided into three categories: gases, condensate systems and dissolved gas 
systems. Although primarily concerned with the composition and phase 
behavior of fluids, the book also discusses the physics of flow of oil and gas 
in reservoir rock. Standing’s book is designed both for the classroom and 
as a practical working companion for the practicing engineer. Measure- 
ments made in the laboratory on samples of reservoir fluids and the applica- 
tion of laboratory data to field conditions are fully discussed. Several 
separately printed charts, each large enough for constant day-to-day use, in 
themselves make this book especially useful to all technical men in the field. 


1952, 125 pages, $10.00 


STYRENE: ITS POLYMERS, COPOLYMERS AND DERIVATIVES— 
BOUNDY & BOYER 


Offering the first complete treatment of its subject ever published, this 
valuable book brings you a thorough-going account of the manufacture, 
polymerization, copolymerization and chemical modification of styrene and 
of its industrially important derivatives. It delves deep into the chemistry 
of these complex substances and includes a lengthy chapter on the fabrica- 
tion of polystyrene parts. Of unusual interest is the special appendix 
covering several recent advances in the field. Included in this section is a 
full discussion of vinyltoluene, a monomer similar to styrene, but using 
toluene as a raw material. 


ACS Monograph, 1952, 1200 pages, $20.00 


SOLUBLE SILICATES—VAIL 


This comprehensive, two-volume monograph is the only treatise to offer a 
complete review of the known properties and industrial applications of 
soluble silicates. It was written to replace the out-of-print Soluble Silicates 
in Industry (ACS Monograph #46), long regarded as the ‘‘bible’’ of the solu- 
ble silicate chemist. olume 1 is devoted to the theoretical aspects of the 
subject, covering in detail past and present manufacturing processes, 
properties of homogeneous and heterogeneous systems of glasses, the for- 
mation of metallic silicates and other fundamental material. Volume 2 deals 
with the more practical considerations involving the applications of soluble 
silicates to industry. 


ACS Monosraph, Vol. 1—1952, 370 pages, $9.00 
Vol. 2—1952, 685 pages, $15.00 


PHOSPHORIC ACID, PHOSPHATES AND PHOSPHATIC FERTILIZERS— 
WAGGAMAN (2nd Edition) 


Without doubt the most complete treatise ever published in its field, this 
thoroughly up-to-date book is destined to b the leading source for 
information on all phases of chemistry, technology and uses of phosphorus. 
Here you will find latest information on the mining and recovery of phosphate 
rock, the various processes employed in producing phosphorus, phosphoric 
acid and phosphate compounds, together with new uses for its many prod- 
ucts. Economic aspects of manufacturing methods from the standpoint of 
both the manufacturer and the consumer are fully discussed. A complete 
list of U.S. patents on various phases of the subject appears in the appendix. 


ACS Monograph, 1952, 683 pages, $15.00 


GLYCOLS—CURME & JOHNSTON 


This valuable book, prepared by research staff members of Carbide and Car- 
bon Chemicals Company and edited by two top-ranking chemists, collects 
into a single volume complete information on those glycols now in commer- 
cial production or those whose manufacture has been or could be conducted 
on a commercial scale. The subject matter is treated principally in terms of 
ethylene glycol and propylene glycol. Separate chapters cover their produc- 
tion physical properties, applications, oxides, derivatives and condensation 
polymers, with the remainder of the book devoted to higher glycols, toxi- 
cological data and analytical methods. All technical personnel in the fields 
of textiles, surface coatings, foods, cosmetics, pharmaceuticals, tobacco, 
petroleum, metals—in all branches of the chemical process industries— 
will find this book an invaluable guide to manufacturing techniques. 


ACS Monosraph, 1952, 390 pages, $12.00 


ORGANIC PROTECTIVE COATINGS—edited by VON FISCHER and 
BOBALEK 


Emphasizing specifically the problems of formulation, specification and 
application of organic coatings, this much-needed book describes the funda- 
mental theory and practice of paint as an engineering material. Separate 
chapters present the physical and chemical theories as applied generally to 
coating technology, and offer many typical case histories of progress in the 
industry. This book will be of great value to students and to all manu- 
facturers and users of paints, varnishes and lacquers. 


1953, 384 pages, $7.50 
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CLARK, WILLIAM MANSFIELD. Topics in Physical Chem- 
istry. 2nd Edition 1952 803 pp $10.00 Williams & Wil- 


kins Co. (#348) 
CONN, G. K. T., ann BRADSHAW, F. J. Editors. Polarized 
Light in Metallography. 1952 130 pp $3.80 Academic 
Press Ine. (#349) 


CROCKFORD, H. D., anp KNIGHT, 8. P. Fundamentals of 


Physical Chemistry for Premedical Students. 1950 366 pp 
$4.50 John Wiley & Sons, Inc. (#350) 
DANIELS, F. Outlines of Physical Chemistry. 1948 713 pp 
$6.00 John Wiley & Sons, Inc. #351) 


DANIELS, MATHEWS anp ‘WILLIAMS. Experimental Phys- 
ply Chemistry. 4th Edition 1949 568pp $6.00 MceGraw- 


(#3 
DEBOER, J. H. The Dynamical Character of Adsorption. 
250 pp $6.00 Oxford University Press. (#353) 
DE GROOT, “ R. Thermodynamics of Irreversible Processes. 
1951 250 pp $5.00 Interscience. (#354) 
DENBIGH, kK G. The Thermodynamics of the Steady State. 
1952 103 pp $1.75 John Wiley & Sons, Inc. (#355) 
EASTMAN, E. D., anp ROLLEFSON. Physical Chemistry. 
1947 512 pp $6.00 McGraw-Hill. (#356) 
ELLIS, R. B., anp MILLS, A. P. Laboratory Manual in boa 
cal Chemistry. 1953 $3.50 McGraw-Hill. (#357) 
EYRING, H., WALTER, J., anv KIMBALL, G. E. Quantum 
Chemistry. 1944 394pp $6.50 John Wiley & Sons, Gai , 
#358 
FARKAS, A. Editor. Physical Chemistry of the Hydrocarbons. 
Volume I 1950 453 pp $9.50 Academic Press Inc. (#359) 
FARKAS, A., Editor. Physical Chemistry of the Hydrocarbons. 
Volume II’ 1953 411 pp $9.00 Academic Press, Inc. 
#360) 


FINCK, J. L. Thermodynamics from a Generalized Standpoint. 
1951 124 pp $4.00 Flatbush Publications. 
FINDLAY, ALEXANDER, ann MELVILLE, H. W. 
duction to Physical Chemistry. _ Edition 1953 596 pp 
$5.50 Longmans, Green & Co., (#361-1) 
FRANKENBURG, W. G., KOMARE WSKY, E. K., anp 
KOMAREWSKY, = Editors. Advances in Catalysis and 
Related Subjects. Volume V 1953 487 pp $11.00 Aca- 
demic Press Ine. (#362) 
FRITH, E. M., ann TUCKETT, R. G. Linear Polymers. 
1951 352 pp $3.50 Longmans, Green & Co., Ine. (4362-1) 
FROST, ARTHUR A., AND ePEARSON, RALPH G. A Study 
of Homogeneous Chemical Reactions. 1953 343 pp $6.00 
John Wiley & Sons, Inc. #363) 
GLASSTONE, SAMUEL. The Elements of Physical Chemistry. 
1946 695 pp $5.50 D. Van Nostrand Co., Inc. ( #364) 
GLASSTONE, SAMUEL. Teztbook of Physical Chemistry. 
2nd Edition 1946 —s pp $10.00 College $12.50 Reference 


D. Van Nostrand Co., (#365) 
| SAMUEL.” Theoretical Chemistry. 1944 515 
$6.50 D. Van Nostrand Co., Inc. ( #366) 


GLASSTON E,SAMUEL. 7 hermod) ynamics for Chemists. 
522 $5.50 D. Van Nostrand Co., Ine. (#367) 
GLASSTONE, goed AND EYRING. Theory of Rate 
Processes. 1941 611 pp $8.00 McGraw-Hill. (4368) 
GORDY, WALTER, SMITH, WILLIAM V., anp TRAMBA- 
RULO, RALPH.’ Microwave Spectroscopy. 1953 446 Bp 
$8.00 ‘John Wiley & Sons, Inc. (4369) 
GUCKER, FRANK THOMSON JR., anD MELDRUM, WIL- 
LIAM BUELL. Physical Chemistry. 1950 683 pp $4.00 


1947 


American Book Company. (#370) 
GURNEY, R. W. Tonic Processes In Solution. 1953 ved pp 

$6.50 McGraw-Hill. (#371) 
HAMMETT, L. P. Introduction to the Study of Physical Chemis- 

try. 1952 421 _ $6.00 McGraw-Hill. (4372) 
HARKINS, W. 


The Physical Chemistry of Surface Films. 
1952 450 a $10.00 Reinhold. (4373 
HITCHCOCK, DAVID I. Physical Chemistry for Students of 

Biology and Medicine. 4th Edition 1953 288 pp. $5.00 
Little, Brown & Co. (#374) 
HOBER, RUDOLF, er au. Physical Chemistry of Cells and Tis- 
sues. 1945 676 pp $6.00 The Blakiston Co. (#375) 
JASPER, J.J. Laboratory Methods of Physical Chemistry. 1938 
312 pp $3.75 Houghton-Mifflin Co. (#376) 
KETELAAR, J. A. A. Chemical Constitution. (An Introduc- 
tion to the Theory of the Chemical Bond) 1953 406 — 
$6.50 Elsevier. (#377) 
KITTEL, CHARLES. Introduction to Solid State Physics. 
1953 396 pp $7.00 John Wiley & Sons, Inc. (4378) 
KLOTZ, I. M. Chemical Thermodynamics. 1950 369 pp 
$6.00 Prentice-Hall, Inc. (#379) 
KOLLER, LEWIS R. Ultraviolet Radiation. 1952 270 pp 
$6.50 John Wiley & Sons, Inc. (#380) 
LAIDLER, K. J. Chemical Kinetics. 1950 408 pp $6.50 
McGraw-Hill. (#381) 
LEWIS, SQUIRES anp BROUGHTON. Industrial Chemistry 
of Colloidal and Amorphous Materials. 1942 540 pp $6.00 
he Macmillan Co. (#382) 


LEWIS, BERNARD, anp VON ELBE, GUENTHER. (Con, 
bustion, Flames and Explosions of "Gases. 1951 795 pp 
$13.50 Academic Press Inc (#383) 

LUDER, W. F., anp ZUFFANTI, 8. Electronic Theory of 
= and Bases. 1946 165 pp $4. 00 John Wiley & Song 


384) 

MACDOUGALE, Physical Chemistry. 3rd Edition 
722 $6.00 The Macmillan (#385) 
MATSEN, MYERS, anp HACKE RMAN_ Pre-Medical Physi 
cal Chemistry. 1949 344 pp $4.75 The Macmillan (Co, 

MAYER, J. E., ann MAYER, M. G. Statistical Mech 
1940 495 pp $6.50 John Wiley & Sons, Inc. (#387) 
MOORE, W. J. Physical Chemistry. 1950 640 pp $6.50 
Prentice-Hall, Inc. #388) 
NOYES anp SHERRILL. Course in Study in Chemical Prin. 
: 2ad Edition 1938 554 pp $6.25 The Macmillan 


0. (#389) 
PAUL, M. Principles of Chemical Thermodynamics. 1950 
740 pp $8.00 McGraw-Hill. (#390) 
PARTINGTON, J. R. Advanced Treatise on Physical Chemis. 
try. In six volumes. Volume III (Properties of Solids) 1952 
639 pp $14.00 Longmans, Green & Co., Ine. (4390-1) 
PAULING WILSON. Introduction to Quantum Mechanics 
with Applications to Chemistry. 1935 468 pp $6.50 Me. 


Graw-Hill. (#391) 
PITZER, K. S. Ye Chemistry. 1953 529 pp $7.50 
Prentic e-Hall, I (#392) 


PRUTTON anp M. ARON. Fundamental Principles of Physical 
Chemistry. 2nd Edition 1951 820 pp $6.00 The Mae. 
millan Co. (#393) 

RICCI, JOHN E. The Phase Rule and Heterogeneous Equilib- 
rium. 1951 468 pp $9.00 College, $12.00 Reference 
D. Van Nostrand Co., Ine. ( #394) 

ROLLEFSON, G. H., ann BURTON, M. Photochemistry and 
the Mechanism of Chemical Reactions. 1939 445 pp $5.75 
Prentice-Hall, Inc. (#395) 

ROLLEFSON, G. K., anp POWELL, R. E. Annual Review 
of Physical Chemistry. Volume I 1950 382 pp $6.15 
Annual Reviews, Inc. (#396) 

ROLLEFSON, G. K., ann POWELL, R. E. Annual Review of 
Physical Chemistry. Volume II 1951 462 pp $6.15 An- 
nual Reviews, Inc (4397) 

ROLLEFSON, G. XK., AND POWELL, R. E. Annual Review of 
Physical Chemistry. Volume III 1952 416 pp $6.15 An- 
nual Reviews, Inc. ( #398) 

ROSSINI, F. D. Chemical Thermodynamics. 1950 514 pp 
$6.50 John Wiley & Sons, Inc. (#399) 

RUTGERS, A. J. Physical Chemistry. With a Foreword ~ 
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Jr. 1953 Approx. 820 pp Approx. $9.00 Intersci rm 

SCHRAGE, R. W. A Theoretical Study of Interphase Mass 

Transfer. 1953 111 pp $3.50 Columbia University Press. 
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Problems in Physical 1951 384 pp $5.00 Pren- 
tice-Hall, Ine. 

SLATER, J. C. Quantum Theory of Matter. 1951 528 pp 
$7.50 McGraw-Hill. #404) 


SMOLUCHOWSKI, R., MAYER, J. E., ann WEYL, W. A, 
Editors. Phase Transformation in Solids. 1951 660 pp 
$9.50 John Wiley & Sons, Inc. ( #405) 

STEINBACH, OTTO F., ann KING, CALDWELL.  Experi- 
ments in Physical Chemistry. 1950 250pp $3.50 American 
Book Company. ( #406) 


TAYLOR, HUGH S., ann GLASSTONE, SAMUEL. = Atomis- 
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D. Van Nostrand Co., Inc ( #407) 


, AND GLASSTONE, SAMUEL. _ States of 
1951 701 pp $12.00 D. Van Nos 
trand Co., Inc. ( #408) 


TAYLOR, HUGH S., anp TAYLOR, H. AUSTIN. Elemen- 
tary Physical Chemistry. 3rd Edition 1942 551 pp $4.25 
D. Van Nostrand Co., Ine. #409) 

WEST. Physical Chemistry for Students of Biochemistry and 
Medicine. 1944 368pp $5.00 The Macmillan Co. (#410) 
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CONWAY, B. E. Electrochemical Data. 1952 374 pp $8.75 
Elsevier. (#411) 
GLASSTONE, SAMUEL. An Introduction to Electrochemistry. 
1942 557pp $6'50 D. Van Nostrand Co., Inc. ( #412) 
KOLTHOFF, I. M., ann LINGANE, J. J. Polarography. 
In two volumes. 2nd Edition (Completely Revised ,and 
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ZIIMPORTANT TEXTS IN CHEMISTRY 


vd 

Ons, 

384) 

1952 

he ANNOUNCING—A completely revised edition 

a of an outstandingly successful text . . . 

nics, 

387) 

Organic Chemistry Second Edition 

388) Howard J. Lucas, California Institute of Technology 

illan In a biographical sketch of Professor Lucas in the Feb. 23, 1953, issue of Chemical and Engineering 

pes News, ORGANIC CHEMIsTRY is called ‘‘ the model for all modern organic elementary texts.’’ Now reorgan- 

3 ized, rewritten, and brought up to date, it represents a more valuable contribution to the field than 

390) 

-mis- ever before. Early in the book Professor Lucas treats such fundamental concepts as, for example, 

1952 types of bonds, resonance, energy changes, dipole moments, and electronegativity of radicals. He 

os refers frequently throughout the book to this material, in order to give the student a common basis 

Me. for explaining numerous phenomena. In most chapters the number of problems is so large that the 

391) instructor will find it unnecessary to repeat any one problem within a four- or five-year period. 

57.50 

392) 

sical 

Mae- 

- A concise manual designed especially for 

ene use in the general chemistry course . . . 

“and 

= A Brief Course in Semimicro Qualitative Analysis 

oe William E. Caldwell, Oregon State College and G. Brooks King, The State College of Washington 

306) The material in this practical manual was carefully selected to illustrate fundamental principles. 

ew of An unusual feature is the inclusion of the analysis of anions before the analysis of cations. The 

& authors prefer this order because the student is already familiar with many tests for anions from the 

wd laboratory work which precedes qualitative analysis and because the tests for anions are relatively 

An- simple. In a final section are 124 graded problems and excercises, arranged according to topics. 

398) 

pp 

399) 

d by 

frey, A noteworthy collection of 50 laboratory-tested experiments . . . 

ence, 

400) 

Mi = s 

va Experiments in Physical Chemistry 

401) Otto F. Steinbach, Q College and Cecil V. King, New York University 

stals. The number and variety of experiments in this book are such as to provide adequately for the diversi- 

P adequately 

= fied needs of students preparing for various careers. The demands for apparatus are modest. In 

ee order to release the instructor’s time for more important things, experimental procedures are de- 

403) scribed in detail. The treatment of errors, both in the introduction and in many of the experiments, 

3 PP is a great help to the student. Suggested forms for the systematic tabulation of data are provided. 

404 

) pp 

405) 

pert The Fundamentals of Electronic Mechanics 

rican 

406) College Chemistry of Organic Reactions 

ale 

G. Allan R. Day, University of Pennsylvania 

N of This widely used text covers every essential fact and Based on the results of recent investigations, this book 

408) principle of general chemistry, yet it is suitably con- systematizes and unifies an entire course in organic 

men for chemistry through the use of electronic mechanisms. 
and small s1z or vent andiing. 

4 cause of its clear explanatory material and apt illus- The emphasis throughout on why and how reactions 

—_ trations, it is a book which the student can master as take place stimulates the student to think for himself 

410) he works alone outside of class. and reduces the memory work required of him. 

$8.75 

1411) 
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WEISER, H. B. Colloid Chemistry: A Textbook. 
1949 444 pp $6.00 John Wiley & Sons, Inc. 
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ALLER, LAWRENCE H. 


Astrophysics: The Atmospheres of 
the Sun and Stars. 


1953. 412 pp $12.00 The Ronald 


Press Company. #428) 
BOTTCHER, C. J. F. Theory of Electric Polarisation. 1952 
492 pp $10. 00 Elsevier. #429) 


CURRAN, 8. C. Luminescence and the Scintillation Counter. 
1953 232 p $5.80 Academic Press Inc. (#430) 
FONDA, G. R AND SEITZ, F. Preparation and Characteristics 
of Solid Luminescent Materials. (National Research Council) 
1948 459pp $8.50 John Wiley & Sons, Inc. (#431) 
LEVERENZ, H. W. An Introduction to Luminescence of Solids 
1950 569pp $15.00 John Wiley & Sons, Inc. (#432) 
ROBERTSON, JOHN K. Radiological Physics. 2nd Edition 
1948 323 pp $5.25 D. Van Nostrand Co., Inc. (#433) 
J. ET AL. Procedures in Experimental Physics. 
938 642 p $6.00 Prentice-Hall, Inc. #4. 
SWENSON, Or ORGE W., JR. Principles of Modern Acoustics. 
1953 222 pp $4.00 D. Van Nostrand C o., Ine. (#435) 
WEBER, R. L. Heat and Temperature Measurement. 1950 
448 pp $5.00 Prentice-Hall, Inc (#436) 
WHITE, HARVEY E. M odern College Physics. 2nd Edition 
1953 '823 pp $6.75 D. Van Nostrand Co., Inc. ( #437) 
WILLIAMS, A. O., JR. Electronics: Physical Principles and 
Applications. 1953 306 pp $4.50 D. Van Nostrand Co., 
Ine. (#438) 


MATHEMATICS 


BURINGTON, RICHARD S. Handbook of Mathematical 
Tables and Formulas. 3rd Edition 1949 296 pp $1.60 
Handbook Publishers, Inc. (#439) 

BURINGTON, RICHARD S&., ann MAY, DONALD C. 
Handbook of Probability and Statistics with Tables. 1953 
332 pp $4.50 Handbook Publishers, Inc. (#440) 

MARGENAU, HENRY, anp MU RPHY, GEORGE M. The 
Mathematics of Physics and Chemistry. 1943 581 pp $6.50 


D. Van Nostrand Co., Inc. (#441) 
SMITH, L. P. Mathematical Methods for Science and Engineer- 
ing. 1953 500pp $10.00 Prentice-Hall, Inc. (#442) 


YOUDEN, W. J. Statistical Methods for Chemists. 1951 
126 pp $3.50 John Wiley & Sons, Inc. (#443) 


NUCLEAR SCIENCE 


BECKERLEY, J. G., KAMEN, M. D., MASTICK, D. F., ano 
SCHIFF, L. I. Annual Review of Nuclear Science. Volume I 
1952 645 pp $6.15 Annual Reviews, Inc. (#444) 

BECKERLEY, J. G., KAMEN, M. D., MASTICK, D. F., ano 
SCHIFF, L. I. Annual Review of Nuclear Science. Volume 
II 1953 645 pp $6.15 Annual Reviews, Inc. (#445) 

BLATT, JOHN M., anp WEISSKOPF, VICTOR F. Theoret- 
ical Nuclear Physics. 1952 864 pp $12.50 John Wiley & 
Sons, Inc. (#446) 


BLOOM. 
Internal Sources. 


Histopathology of Irradiation from External ang 
1948 809 pp $10.75 McGraw-Hill, 


BRADFORD, J. R., Editor. 
400 pp $8.00 Reinhold. (#448) 
CALV IN, N., HEIDELBERGER, C., REID, J. C., TOLBERT. 
B. M., AND YANKWICH, P. E. Isotopic Carbon. 1949 
476 pp $7.75 John Wiley & Sons, Ine. (#449) 
COHEN. Theory of Isotope Separation. 1951 165 pp $2.50 
McGraw-Hill. (#450) 
CORYELL ann SUGARMAN. Radiochemical Studies: The 
Fission Products. 1951 (In three volumes—not sold sepa- 
rately.) 2073 pp $27.75 McGraw-Hill. (#451) 
DIEKE anp DUNCAN. Spectroscopic Properties of Uranium 
Compounds. 1949 308 pp $4.25 McGraw-Hill. (#452) 
DUNCAN, J. F., anp COOK, G. B. Modern Radiochemied 
Practice. 1952 350 pp $8.50 Oxford University Press 
#453) 
FINK. Biological Studies with Polonium, Radium and as 
nium. 1950 411 pp $5.50 McGraw-Hill. (#454) 
FRIEDLANDER, G., anp KENNEDY, J. Introduction to 
Radiochemistry. 1949 412 pp $5.50 ‘John Wiley & Sons, 
Ine. (4455) 
FRISCH, O. R., Editor. Progress in Nuclear Physics, Volume Z 
295 pp $9. 25 Academic Press Ine. (#456 
GLASSTONE, SAMUEL. Sourcebook on Atomic Energy. 1950 
562 pp $3.40 D. Van Nostrand Co., Ine. (#457) 
GLASSTONE, SAMUEL, anp EDLUND, MILTON C. The 
Elements of Nuclear — Theory. 1952 416 pp 
D. Van Nostrand Co., ( 4458) 
GRAY, DWIGHT E., phe “MARTE NS, JOHN H. Radiation 
Monitoring in Atomic Defense. 1951 122 pp $2.50 D. Van 
Nostrand Co., Ine. (#459) 
HALLIDAY, DAVID. Introductory Nuclear Physics. 1950 
282 pp $6.75 John Wiley & Sons, Inc. #460) 
HUGHES, DONALD J. Pile Neutron Research. 1953 384 pp 
$8.50 ( five or more copies for classroom use, $7.50 each) Ad- 


#447 
Radioisotopes in Industry. a! 


dison-Wesley Press, Inc. (#461) 
KATZ ann RABINOWITCH. The Chemistry of Uranium, 

1951 609 pp $8.25 McGraw-Hill. ( #462) 
KIRSHENBAUM. 


Physical Properties and Analysis of Heavy 
Water. 1951 456 pp $6.00 McGraw-Hill. (#463) 
NICKSON, JAMES A., Editor. Symposium on Radiobiology: 
The Basic Aspects of Radiation Effec ts on Living Systems. 1952 
465 pp $7.50 John Wiley & Sons, Inc. ( #464) 
POLLARD. ERNEST, anp DAVIDSON, WILLIAM L. Ap- 
plied Nuclear Physics. 1951 352 pp $5.00 John ws & 
#465) 


Sons, Inc. 
QUILL. Chemistry and Metallurgy of Miscellaneous Materials: 
Thermodynamics. 1950 748 pp $10.00 McGraw-Hill. 
RODDEN. Analytical Chemistry of the Manhattan Project: 
and Thorium. 1950 748 pp $10.00 
(#46 


ROSSI, B. High Energy Particles. 1952 608 pp $12.50 
Prentice-Hall, Inc ( #468) 
SACKS, J. Ralenie Tracers in Biochemistry and Physiology. 


383 pp $8.50 McGraw-Hill. (#469) 
SACKS, JACOB. The Atom at Work. 1951 327 pp $4.00 
The Ronald Press Company (#470) 


SCHWEITZER, GEORGE K., anv WHITNE Y, IRA B. Ra- 
dioactive Tracer Techniques. 1949 186 pp $3. 50 D. Van 
Nostrand Co., Ine (#471) 

SEABORG, KATZ AND MANNING. The Transuranium Ele- 
ments: Research Paper. (Two not sold separately) 1949 
1778 pp $23.75 McGraw-Hill. (#472) 

SEGRE, EMILIO., Editor. Experimental Nuclear Physics. 
VolumeI 1953 789 pp $15.00 John Wiley & Sons, 

SEGRE, E. Experimental Nuclear Physics. Volume II 1953 
597 pp (in press) John Wiley & Sons, Ine. (#474) 

SIRI. Isotopic Tracers and N uclear Radiations with Applications 
in Biology and Medicine. 1949 653 pp $15.00 McGraw- 
Hill. (#475) 

SLESSER, anp SCHRAM. Preparation, Properties and Tech- 
noone of Fluorine and Organic Fluore Compounds. 1951 868 

$11.50 McGraw-Hill. ( #476) 

SPRAR, FREDERICK GORDON. Radiations and Living 
Cells. 1953 222pp $3.50 John Wiley & Sons, Inc. (#477) 

STONE. Industrial Medicine on the Plutonium Project. = 

511 pp $7.00 McGraw-Hill. 

SULLIV AN, W. H. Trilinear Chart of Nuclear Species. 
6 panels $3.25 John Wiley & Sons, Inc. 
TANNENBAUM. Tozicology of Uranium. 1951 a pp 

$4.75 McGraw-Hill. 80) 

WAHL, ARTHUR C., anp BONNER, NORMAN A., Editors 
Radioactivity Applies to Chemistry. 1951 604 pp $7.50 
John Wiley & Sons, Inc (#481) 

WILLIAMS, RUSSELL R. JR. Principles of Nuclear Chemis- 
try. 1950 352pp $4.75 D. Van Nostrand Co., Inc. (#482) 
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he Standard in Science 


Since 1592 


Don’t Miss 


These Outstanding Texts... 


N EW P. Karrer, Zurich 


ORGANIC CHEMISTRY 


This popular work is now available in 
a new paper bound text edition at only 
$4.95. It is also available in the regular 
permanent reference edition. 


Special Text Edition 948 pp. $4.95 
Reference Edition 948 pp. $8.50 


W. Huckel, Tubingen 


STRUCTURAL CHEMISTRY OF 
INORGANIC COMPOUNDS 


Furnishes inorganic chemistry with a 
basis for systemization on a single, com- 
prehensive basis. 


Hallet excellent, and is a distinct con- 
tribution to the literature of inorganic 
chemistry.” Journal of Chemical Educa- 
tion. 


Putian a big eye opener. There is noth- 
ing in the field that can touch it.’”” Froma 
professor's letter. 


Vol. 1! 438 pp. 
Vol. tl 656 pp. 


$10.00 
$14.50 


H. R. Kruyt, formerly of Utrecht 
University 


COLLOID SCIENCE 
(Two Volumes) 


These two volumes, covering Irrevers- 
ible and Reversible Systems, stress the 
theoretical views which have changed so 
considerably in the last two decades. 


valuable to the advanced student 
in colloid science to show the harmony 
which exists between colloid science and 
the domain of macromolecular compounds. 
Review of Vol. II, Chemical and Engineer- 
ing News. 


Vol. I (Irreversible Systems) 390 pp. $11.00 
Vol. Il (Reversible Systems) 754 pp. $11.50 


J. P. Wibaut (ed.), Amsterdam 


HOLLEMAN’S ORGANIC 
CHEMISTRY 


This standard text and reference treats 
the subject from an organic, physio- 
chemical and a structural standpoint. 
Polymer chemistry, sugar chemistry and 
its stereochemical problems, biochemistry 
and medical chemistry are each given due 
emphasis. 


Second English Edition 662 pp. $4.95 


G. Kortum, Tubingen and 
J. O'M.Bockris, London 
TEXTBOOK OF ELECTRO- 
CHEMISTRY 


This two-volume work stresses a clear 
understanding of the fundamentals, rather 
than superficial descriptions. There are 
chapters on experimental techniques and 
sample problems. 

whan these two volumes represent the 
most modern and comprehensive textbook 
of electrochemistry in the English lan- 
re invaluable both as a text 
for students and a source book of informa- 
tion for research workers.’’ Journal of the 
Franklin Institute. 

excellent text for students of 
theoretical electrochemistry due to its 


clear comprehensive coverage.’’ Chemical 
and Engineering News. 

Vol. 352 pp. $7.00 
Vol. tl 530 pp. $10.00 


J. J. A. Ketelaar 
CHEMICAL CONSTITUTION 


Each point of view pertaining to the 
four types of bonding—ionic, atomic, 
metallic and Van der Waals—is given 
fuller attention in this book than perhaps 
in any other work. Quantitatively, the 
subject is treated in detail by the very 
effective use of the theories of wave me- 
chanics. This book will give the student, 
teacher or practising chemist a new insight 
into every aspect of chemistry. 


Chemical Constitution 406 pp. $6.50 


and These References.... 


E. H. Rodd, (ed.) 


CHEMISTRY OF CARBON COMPOUNDS 


C. J. F. Bottcher, Leyden 


“From the standpoint of quick, accessible, up-to-date information 


at moderate cost, the present undertaking looks highly promising.’ 
Professor William A. Bonner in Journal of Chemical Education. 


Now available. 


Vol. la & Ib 
Vol. tla 


Alicyclic Compounds 


Aliphatic Compounds 


Ask for complete information about this outstanding new refer- 
ence and for details of the Elsevier ‘“pay-as-you-use’’ plan. 


F. Radt, (ed.) 


ELSEVIER’S ENCYCLOPAEDIA OF ORGANIC 


CHEMISTRY 


science.’’ Prof. Louis F. Fieser. 
Two new volumes are now available. 


Vol. 12B6 with CO:H in the side chain. 
ic acids with CO:H in the nucleus. 


Write for catalog and prices of individual volumes or the entire 


Vol. 12B7 car 


encyclopaedia. 


ye the superb surveys of Elsevier are a tremendous boon to 


> The ELSEVIER PRESS © 


Houston ® New York © Amsterdam ® London ® Brussells 


Please mention CHEMICAL EDUCATION when writing to advertisers 


See these Outstanding Volumes 
at the Chemical Education Book 


THEORY OF ELECTRIC POLARISATION 


This work was designed as reference material for physicists 
and physical chemists. Special attention is paid to polarisa- 
tion and energy, to multipoles, to dispersion, to the calcula- 
tion of dipole moments and to dielectric loss. Emphasis is 
laid on the theories of Onsager and Kirkwood. 


Exhibit in Chicago 


Look them over carefully and order on approval, if 
you wish. Send orders and requests for catalogs or 


additional information to your bookseller or to 


402 Lovett Bivd., Houston 6, Texas. 
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YAGODA, H. Radioactive Measurements with Nuclear Emul- 
sions. 1949 356 pp $7.00 John Wiley & Sons, Inc. 


( 
ZIRKLE. Biological Effects | External Beta Radiation. 
242 pp $3.50 McGraw-Hill. (#484) 


CHEMICAL ENGINEERING 


BADGER anp McCABE. Elements of Chemical Engineering. 
2nd Edition 1936 660 pp $7.00 McGraw-Hill. (#485) 
BROWN, GEORGE GRANGER, er au. Unit Operations. 
1950 612pp $9.00 John Wiley & Sons, Inc. (#486) 
DODGE, B. F. Chemical Engineering Thermodynamics. 1944 
699 pp $8.00 McGraw-Hill. (#487) 
DREISBACH, ROBERT R. P-V-T Relationships of Organic 
Compounds. 3rd Edition 1952 315 pp $10.00 Handbook 
Publishers, Inc. (#488) 
HESSE, HERMAN C., anp RUSHTON, J. HENRY. Process 
Equipment Design. 1945 580 pp $6.50 College, $8.00 
Reference D. Van Nostrand Co., Ine. (#489) 


HOUGEN, O. A., anp WATSON, K. M. Chemical Process 
Principies. Combined Edition (Volumes I, II, HI). 1948 
1115 pp $15.00 John Wiley & Sons, Inc. #490) 


O. A., anp WATSON, K. M. Chemical Process 
Principles Charts. 1946 52 pp $3.50 John Wiley & Sons, 
Ine. (#491) 
KERN. Process Heat Transfer. 1950 871 pp $10.00 Mc- 
Graw-Hill. (#492) 
KOWALKE. Fundamentals in Chemical Process Calculations. 
1947 158 pp $3.25 The Macmillan Co. (#493) 
LAUER anp HECKMAN. Chemical Engineering Techniques. 
1952 450 pp $6.00 Reinhold. (#494) 
4th Edition 


HOUGEN, 


LEIGHOU. Chemistry of Engineering Materials. 
1942 684 pp $7.50 McGraw-Hill. (#495) 
MAXWELL, J. B. Data Book on Hydrocarbons. 1950 270 pp 
$5.50 D. Van Nostrand Co., inc. (#496) 


MCCORMACK, HARRY. Applications of Chemical Engi- 


neering. 1940 431 pp $5.50 D. Van Nostrand Co., "8 
#497) 
PERRY. Chemical Engineer’s Handbook. 3rd Edition 1950 
1942 pp $17.00 McGraw-Hill. (4498) 


ROBINSON anv GILLILAND. The Elements of Fractional 
Distillation. 4th Edition 1950 492 pp $7.50 McGraw- 
Hill. ( #499) 

ROSE, ARTHUR anv ROSE, ELIZABETH. Distillation 
literature, index and abstracts, 1941-45. 1948 219 pp $5 
(mimeographed) Applied Science Laboratories. ( #499-1) 

ROSE, ARTHUR anv ROSE, ELIZABETH. Distillation 
literature, index and abstracts, 1946-52. 1953 600 pp $25 
(separate sheets 10¢ per page) Applied Science maar oe 

(7499-2 

SHAPIRO, ASCHER H. The Dynamics and Thermodynamics o 
Compressible Fluid Flow. In two volumes. Volume I Octo- 
ber 1953 Approx. 660 pp $16.00 Volume II April 1954 
Approx. 600 pp $16.00 The set $30.00 The Ronald Press 
Company. (#500) 

SHERWOOD anv PIGFORD. Absorption and Extraction. 
2nd Edition 1952 478 pp $8.00 McGraw-Hill. (#501) 

STEARNS, REID F. Flow Measurement with Orifice Meters. 


1951 384pp $7.50 D. Van Nostrand Co., Inc. (#502) 
TREYBAL. Liquid Extraction. 1951 422” pp $8.00 Mc- 
Graw-Hill. (#503) 


WALKER, LEWIS, McADAMS anp GILLILAND. Princi- 
ples of Chemical Engineering. 3rd Edition 1937 749 pp 
7.00 McGraw-Hill. (#504) 


INDUSTRIAL 


ABRAHAM, HERBERT. Asphalts and Allied Substances. In 
two volumes 5th Edition 1945 2142 pp $26.00 D. Van 
Nostrand Co., Ine. (#505) 

Annual Report on the Pare of Applied Chemistry. (Published 
x the Society of Chemical Industry, England) Volume 

er (1952) 1953 Approx. 850 pp $6.50 nese) 
(#506 

BLUM and HOGABOOM. Principles of Electroplating and 

ne. 3rd Edition 1949 455 pp $7.00 McGraw- 
ill (#507) 

CURME anp JOHNSTON, Editors. Glycols. 1952 389 gp 
$12.00 Reinhold. (#508) 

DAVIDSOHN, J., BETTER, E. J., ann DAVIDSOHN, A. 
Soap Manufacture. In two volumes Volume I 1953 "Ap- 
prox. 600 pp Approx. $10.50 (Fats and Oils Series) Inter- 
science. (#509) 

DEBRUYNE, N. A., ann HOUWINK, R. Adhesion and Ad- 
hesives. 1951 518 pp $10.00 Elsevier. (#510) 

DURRANS, THOMAS H. Solvents. 6th Edition 1950 202 
pp $7.50 D. Van Nostrand Co., Inc. (#511) 
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ECKMAN, D. P. 1950 396 pp 
$6.00 John Wiley & Sons, I (#512) 
ELKINS, H. B. The Chemistry “of Industrial Toxicology. 1950 
406 pp $6.50 John Wiley & Sons, Inc ) 


FAITH. W. L., KEYES, DONALD B, CLARK, ronal) 
L. Industrial Chemicals. 1950 652 pp $9.00 John Wiley 
& Sons, Ine. (#514) 

FLETT, "LAWRENCE H., anp GARDNER, WILLIAM 
Maleic Anhydride Derivatives: Reactions of the Double Bond, 


1952 269 pp $6.50 John Wiley & Sons, Inc. (#515) 
Fourth Symposium (International) on Combustion. 1953 800 pp 
$7 Williams & Wilkins Co. (#516) 
FOX, M. R. Vat Dyestuffs and Vat Dyeing. 1947 323 pp 
$6.00 John Wiley & Sons, Inc. (#517) 


FRANK, G. H. 
1952 
FURNAS, C. C. 
two volumes 6th Edition 


(#518) 
Rogers’ “Manual of Industrial Chemistry. In 
1942 1721 pp $19.75 D. Van 
Nostrand Co., Ine. (#519) 
GORE, W. L. 'Statistical Methods, for Chemical Experimentation, 
1952 224pp $3.50 (Interscience Manual, 1) Interscience. 


(#520) 
GROGGINS. Unit Processes in Organic Synthesis. 4th Edition 
1952 899 pp $12.50 McGraw-Hill. (#521) 


GUENTHER, ERNEST. The Essential Oils. In six volumes, 
Volume I 1948 458 pp $7.50 D. Van Nostrand Co., Ine. 


(#522) 
GUENTHER, ERNEST. The Essential Oils. In six volumes 
Volume II 1949 868 pp 


$12.00 D. Van Nostrand Co,, 

Ine. (#523) 
GUENTHER, ERNEST. The Essential Oils. In six volumes 
Volume III 1949 805 pp $12.00 D. Van Nostrand Co., 
Ine. (#524) 
GUENTHER, ERNEST. The Essential Oils. In six volumes 
Volume IV 1950 752 pp $12.00 D. Van Nostrand Co., 
Ine. (#525) 
GUENTHER, ERNEST. The Essential Oils. In six volumes 
Volume V_ 1952 550 pp $12.00 D. Van Nostrand Co., 
Ine. #526) 
GUENTHER, ERNEST. The Essential Oils. In six volumes 


= VI 1952 544 pp $12.00 D. Van Nostrand Co,, 
ne. #527) 
HESS, MANFRED. Paint Film Defects. 1951 544 p 
$12.00 Reinhold. ( 4528) 
HONIG, P. Principles of Sugar Technology. 1953 802 pp 
$15.00 Elsevier. (#529) 


INDUSTRIAL & ENGINEERING CHEMISTRY EDITO- 
RIAL STAFF. Modern Chemical Processes. 1950 Volume! 
230 pn $5.00 Reinhold. (#530) 

INDUSTRIAL & ENGINEERING CHEMISTRY EDITO- 
RIAL STAFF. Modern Chemical Processes. 1952 Volume 
II 290 pp $5.00 Reinhold. (#531) 

JOHNSON anno AUTH. Fuels and Combustion Handbook. 
1951 915 pp $14.00 McGraw-Hill. (#532) 

JUDD, DEANE B. Color in Business, Science and Industry. 
1952 401 pp $6.50 John Wiley & Sons, Inc. (#533) 

KUNIN, ROBERT, ann MYERS, ROBERT. Jon Exchange 
Resins. 1950 212 pp $5.50 John Wiley & Sons, Inc. (#534) 

LEE. oo of Construction For Chemical Process Industries. 
1950 468 pp. $7.00 McGraw-Hill. (#535) 

MANTELL, "CHARLES L. Industrial Carbon: Its Elemental 


Manufactured Forms. 2nd Edition 1946 472 
$8.50 D. Van Nostrand Co., Inc. (#536) 

M ILLAN, IBERT. Industrial Solvents. 1950 764 pp $12.00 
Reinhold. (#537) 
MILLS, M. R. An Introduction to Drying Oil Technology. 1953 
258 pp $6.50 Interscience. ( #538) 
MINER anp DALTON, Editors. Glycerol. 1953 500 pp 
$12.00 Reinhold. (#539) 


MOSHER, ROBERT H., Editor. Technology of Coated and 
1952 736 pp $15.00 Chemical 
NORDELL, ESKEL. Water Treatment for Industrial and Other 
Uses. 1951 525 pp $12.00 Reinhold. (#541) 
NORTON. Refractories. 3rd Edition 1950 782 pp $10.00 
McGraw-Hill. (#542) 
PARR. The Analysis of Fuel, Gas, Water and Lubricants. 4th 
Edition 1932 371 $6.00 McGraw-Hill. (#543) 
PATTY, FRANK A., Editor. Industrial Hygiene and Tovicol- 
ogy. In two volumes Volume I 1948 559 pp $12.00 
Interscience. (#544) 
PATTY. FRANK A., Editor. Industrial Hygiene and Tozxicol- 
ogy. In two volumes Volume II 1949 634 pp $15.00 
Interscience. (#545) 
PRATT, L. 8S. Chemistry and Physics of Organic Pigments. 
1947 359 pp $7.00 John Wiley & Sons, Inc. ( #546 
RABALD, E. 1951 630 pp $12.50 — 


RHODES. Industrial Instruments for Measurement and Control. 
1941 573 pp $7.50 McGraw-Hill. (#548) 
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RECENT AND IMPORTANT BOOKS 
BY LEADING CHEMISTS 


C. Vugola 


UNIVERSITY OF LONDON 


STRUCTURE AND MECHANISM IN ORGANIC CHEMISTRY 


THE STRUCTURE of molecules and the mechanism of reac- 
tions in organic chemistry are dealt with in this important new 
text and reference volume by one of the world’s leading organic 
chemists. 

Because of the tremendous scope of the subject, the author 
has confined his discussion of the structure of molecules to 
considerations of their normal states, and in the case of molec- 
ular reactions discussion has been “‘restricted substantially 
to those classes of homogeneous molecular reactions on which 
the present broad pattern of organic chemistry mainly de- 


pends.’’ New ideas on the directive effects in polysubstituted 
aromatic systems are presented. 

Organic chemists in universities and in industry have been 
enthusiastic about this presentation of chemical reactivity 
based on Ingold’s fundamental approach. 

“Nowhere else have I found so much pertinent material on 
this subject assembled in a single text. Ingold, as always, writes 
lucidly and convincingly.”’—From a letter by Frank H. Seu- 
bold, Jr., Northwestern University 

Pub. in April, 1958. 835 pp., illus. $9.75 


9. Mouteath Roberteon 


UNIVERSITY OF GLASGOW 


ORGANIC CRYSTALS 


AND MOLECULES: 


Theory of X-Ray 


Structure Analysis with Applications to Organic Chemistry 


THE PRINCIPLES of the science of X-ray analysis are clearly 
set forth in this book by Professor Robertson, with a full ac- 
count of the most recent developments, their possibilities and 
their limitations. 

Applications of X-ray analysis to organic chemistry are dis- 
cussed in terms of bond length measurement and the deter- 


mination of molecular geometry; the study of molecular 
arrangement, hydrogen bonded structures, and molecular 
compounds; the elucidation of complex and chemically un- 
known structures; and finally, applications to macromolecular 
and biological materials are considered. 

Pub. in June, 1953 351 pp., illus. $5.00 


Vincent du Vigueaud 


CORNELL UNIVERSITY MEDICAL COLLEGE 


A TRAIL OF RESEARCH IN SULFUR CHEMISTRY AND METABOLISM 
and Related Fields 


DR. DU VIGNEAUD’S book is a personal account of scien- 
tific pioneering dealing with the biological importance of the 
organic sulfur compounds, such as cystine, homocystine, 
methionine, and biotin, especially from the point of view of 
their role in essential metabolic processes. 

The Yale Journal of Biology and Medicine gave the highest 


praise to A Trail of Research, saying: ‘Taken together, this 
discussion of the work of the author and his numerous collabo- 
rators is an outstanding example of what is best in American 
biochemistry. ... Inevitably the book will become required 
reading of all graduate students in biochemistry.” 

Pub. in August, 1952 204 pp., illus. $3.25 


Cornell University Press, Hem York 
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ROCHOW, EUGENE. An Introduction to the Chemistry of the 
Silicones. 2nd Edition 1951 213 pp $6.00 John Wiley & 
Sons, Ine. (#549) 

RIEGEL, E. RAYMOND. Chemical Process Machinery. 
750 pp $12.50° Reinhold. 

RIE GE 4, E. RAYMOND. Industrial Chemistry. 5th Edition 
1949 1,020 pp $8.00 Reinhold. (#551) 

RUDOLFS, WILLEM, Editor. Industrial Wastes, Their Treat- 
ment and Disposal. 1953 450 pp $9.50 Reinhold. (#552) 

SANDERSON, R. T. Vacuum Manipulation of Volatile Com- 
pounds. 1948 162 pp $4.50 John Wiley & Sons, wr? 


#5 
Handbook of Dangerous Materials. 1951 


SAX, IRVING. 
850 pp $15.00 Reinhold. (4554) 
SCHEFLAN, LEOPOLD, ann JACOBS, MORRIS B. The 
Handbook of Solvents. (For August 1953 Publication) D. Van 
Nostrand Co., Inc. (#555) 
SHREVE. Chemical Process Industries. 1945 957 pp $10.00 
McGraw-Hill. (#556) 
STAMM, ALFRED J., ann HARRIS, ELWIN E. Chemical 


Processing of Wood. 1953 604 pp $12.00 Chemical Pub- 
lishing Co., Inc. (#557) 
STORCH, HENRY H., GOLUMBIC, NORMA, anno ANDER- 
SON, ROBERT B. The Fischer-Tropsch and Related Synthe- 
ses, Including a Summary of Theoretical and Applied Contact 
Catalysis. 1951 610 pp $12.00 John Wiley & Sons, oa 
#558) 
TAYLOR, EDWIN WINDLE. The Examination of Waters 
and Water Supplies. 1949 819 pp $16.50 The Blakiston 


Co. (#559) 
VAIL, J. G. Soluble Silicates. 1952 Vol. I 369 pp $9.00 
Reinhold. #560) 
VAIL, J. G. Soluble Silicates. 1952 Volume II 684 pp 
$15.00 Reinhold. (#561) 


VOET, ANDRIES. Ink and Paper in the Printing Process. 


1952 220 $5.90 Interscience. #562) 
— FISCHER, W. Paint and Varnish Technology. 1948 
pp $8.00 Reinhold. (#563) 
WALEER, J. FREDERIC. Formaldehyde. 1953 464 pp 
$12.00 Reinhold. (#564) 
WEISS, MARVIN D. Industrial Water Pollution. 1951 142 
Paperbound, $5.00 Chemonomics, Inc. (#565) 


pp 
WISE AND JAHN. 
$15.00 Reinhold. 
WISE anp JAHN. 


1952 Vol. 
1952. Volume II 595 


Wood Chemistry. 
Wood Chemistry. 


I 689 pp 
566) 


pp $15.00 Reinhold. ( #567) 
PLASTICS AND ELASTICS 
ALFREY, TURNER, JR., BOHRER, JOHN J., anp MARK, 
HERMAN. Copolymerization. 1952 279pp $6.80 (High 
Polymers, Volume VIII) Interscience. (4568) 
BLOUT, E. R., ann MARK, HERMAN. Monomers. 1951 
776 pp $16.00 (Including binder for complete work) Inter- 
science. (4569) 
D’ALELIO, G. F. Experimental Plastics and Synthetic Resins, 
1946 185 pp $5.00 John Wiley & Sons, Inc. (#570) 


D’ALELIO, G. F. Fundamental Principles of Polymerization: 
Rubbers, Fibers, Plastics. 1952 517 pp $10.00 John Wiley 
& Sons, Inc. (#571) 

MASON, J. PHILIP, MANNING, JOSEPH F.  Technol- 
ogy of Plastics and Resins. 1945 494 pp $6.00 College, 


$7.00 Reference D. Van Nostrand Co., Inc. (#572) 
MONCRIEFF, R. W. Artificial Fibres. 1950 313 pp $5.00 
John Wiley & Sons, Ine. (4573) 


MORRELL, R. S., Editor. Synthetic Resins and Allied Plastics. 
3rd Edition Edited by H. M. Langton 1952 747 pp 
$10.00 Oxford University Press. (#574) 

SCHILDKNECHT, CALVIN E. Vinyl and Related Polymers: 
Their Preparations, Properties and Applications in Rubbers, 
Plastics, Fibers and in Medical and Industrial Arts. 1952 
723 pp $12.50 John Wiley & Sons, Inc (#575) 

SCHM AND MARLIES. “Principles of  High-Polymer Theory 
and Practice. 1948 742 pp $9.50 McGraw-Hill. — (#576) 

SIMONDS, WEIGH anp SCHACK. Extrusion of Plastics, 
Rubber and Metals. 1952 470 pp $10.00 Reinhold. 


( 
SIMONDS, HERBERT R., WEITH, ARCHIE, W., anp 
BIGELOW, M.H. Handbook of Plastics. 2nd Edition 
1511 pp $25.00 D. Van Nostrand Co., Inc. (#578) 


TEXTILES 


HARTSUCH, Retry E. Introduction to Textile Chemistry. 
1950 413 pp $4.75 John Wiley & Sons, Inc. (#579) 
HARTSUCH, "BRUCE E. Textile Chemistry in the Laboratory. 
1950 75 pp $1.85 John Wiley & Sons, Inc. (#580) 
HEYN, A. N. J. Fiber Microscopy. 1953 Approx. 396 pp 
Approx. $4.75 (Interscience Manual, 2) Interscience. (#581) 
HILL, ROWLAND. Fibers from Synthetic reapers. 1953 
565 pp $12.50 Elsevier. (#582) 
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KASWELL, ERNEST R. Textile Fibers, Yarns and Fabrics 
1953 450 pp $11.00 Reinhold. ( #583) 
SIU, RALPH C. Microbial Decomposition of Cellulose. 195} 
538 pp $12.00 Reinhold. ( #584) 
SPEE L HENRY C., Editor. Textile Chemicals and Auciliaries. 


1952 497 pp $10.00 Reinhold. (#585) 
PETROLEUM 

BONDI, A. The Physicial Chemistry of Lubricating Oils. 195, 

450 pp $10.00 Reinhold. ( #586) 

BROOKS, B. T., anp DUNSTAN, A. E., Editors. The Science 

of Petroleum. Volume V_ (Synthetic Products of Petroleum), 


Part II 1953 360 pp 
YEORGI, CARL W. 


$35.00 Oxford University Press, 


(#587) 
Motor Oils and Engine Lubrication. 1950 


514 pp $9.50 Reinhold. ( #588) 
HUNTIN 3TON. Natural Gas and Natural Gasoline. 1950 
587 pp $8.00 McGraw-Hill. (#589) 
NELSON. Petroleum Refinery Engineering. 3rd _ Edition 
1949 830 pp $10.00 McGraw-Hill. (#590) 


STANDING, M. B. Volumetric and Phase Behavior of Oil 
ery Hydrocarbon Systems. 1952 125 pp $10.00 Rein- 
(#591 
SYMPOSIUM, Agricultural Applications of Petroleum Priel 
1952 105 pp $1.50 American Chemical Society. — (#592) 
SYMPOSIUM. Progress in Petrcleum Technology. 1951 393 
pp $3.00 paper bound, $5.00 cloth bound American Chemi- 
cal Society. (#593) 
UREN. Petroleum Production Engineering-Oil Field — 
ment. 1946 764 pp $8.50 McGraw-Hill. ( #594) 
UREN. Petroleum Production Engineering-Oil Field Exploita- 
tion. 3rd Edition 1953 807 pp $10.00 McGraw-Hill. 


(#595) 
UREN. Petroleum Production Engineering-Petroleum Produc- 


tion Economics. 1950 639 pp $8.00 McGraw-Hill. (4596) 
ZUIDEMA, H. H. Performance of Lubricating Oils. 1952 250 
pp $5.00 Reinhold. (#597) 


METALLURGY 


BARKSDALE, JELKS. Titanium: 
and gta 1949 591 pp 
Compa (#598) 

BRICK pe PHILLIPS. Structure and Properties of Alloys. 
2nd Edition 1949 485 pp $7.00 McGraw-Hill. (#599) 

BRIDGMAN. Studies in Large Plastic Flow and Fracture. 1952 
362 pp $8.50 McGraw-Hill. ( 4600) 

CLARK, DONALD 8., anp VARNEY, WILBUR R. Physical 
Metallurgy for Engineers. 1952 567 pp $6.50 D. Van 
Nostrand Co., (#601 

CLAUSER, H. mR se Radiography for Industry. 1952 
300 pp $7.50 Reinhold. ( #602) 

DEAN, REGINALD 8. _ Electrolytic Manganese and Its ia 
1952 257 pp $12.00 The Ronald Press Company. (#603) 

FIELD, SAMUEL, ano WEILL, A. DUDLEY. Electroplating. 
6th Edition 1951 539 pp $6.00 Pitman Publishing Corp. 


HAYWARD, CARLE R. 
3rd Edition 1952 728 pp 


Its Occurrence, Chemistry 


$12.00 The Ronald Press 


( #604 
Outline of Metallurgical Practice. 
$7.50 College $10.00 Reference 


D. Van Nostrand Co., Ine. (4605) 
HEINDLHOFER. Evaluation of Residual Stress. 1948 196 
pp $4.50 McGraw-Hill. ( 4606) 
HOYT,S.L. Metal Data. 2nd Edition 1952 535 pp $10.00 
Reinhold. (#607) 
KOHL, W. H. Materials Technology for Electron Tubes. 1951 
496 pp $12.50 Reinhold. (#608) 


KUBASCHEWSKI, O., anp HOPKINS, B. E. Oxidation of 
Metals and Alloys. 1953 239 pp $6.00 a 


Ine. #609) 
LIDDELL. Handbook of Nonferrous Metallurgy. 2nd Edition 
In two volumes VolumeI 1945 656 pp $8.50 McGraw- 
Hill. ( 4610) 
LIDDELL. Handbook o of Nonferrous Metallurgy. 2nd Edition 
In two volumes Volume II 1945 721 pp $9.50 Me- 
Graw-Hill. (#611) 
LYMAN, TAYLOR, Editor. Metals Handbook. 1948 1332 
pp 1047 tables $15.00 American Society for 
#61 
OSBORN, G. H., anp STROSS, W. Analysis of Aluminum 


Alloys. 1953 144 pp $3.50 ‘Chemical Publishing C 
SAMANS: Engineering Metals and Their Alloys. 1949 913 pp 
$8.00 The Macmillan Co. (#613) 
SCHWARZKOPF. Powder Metallurgy. 1949 379 pp $3.00 
The Macmillan Co. (#614) 
SCHWARZKOPF. Refractory Hard Metals. 1953 447 pp 
$10.00 The Macmillan Co. (#615) 
SHRAGER. Elementary Metallurgy and Metallography. 1949 
297 pp $3.00 The Macmillan Co. (4616) 
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“A Real Reviston!’’ 


BASIC 
COLLEGE CHEMISTRY 


Second Edition 


By Joseph A. Babor 
The City College of New York 


“This is a real revision . . . I shall be only 

too happy to continue the use of this excellent 
text.” 

E. L. Henderson, 

University of Detroit 


“One of the best books that I have seen. 

The treatment of logarithms and exponential 

numbers is a new feature that will be a great 
help to students.”’ 

Ira D. Garard, 

New Jersey College for Women 


“The concepts of equilibrium, pH, and solu- 
bility product, which are new and difficult for 
most beginners, are made sufficiently simple 
and clear... Anexcellent text for beginners.”’ 
L. A. Legory, 

Pennsylvania State College 


May, 1953 766 pages 155 figures $5.00 


“An excellent laboratory manual”’ 


LABORATORY PROBLEMS 
IN GENERAL CHEMISTRY 


By Howard Nechamkin 


Pratt Institute 


“This method of laboratory teaching should 
do much to cure the present shortage of 
chemists.”’ 

R. K. Summerbell, 


Northwestern University 


‘A refreshing approach to the teaching of 
general chemistry laboratory . . . overcomes 
in a notable fashion the tendency of many 
students to perform their freshman experi- 
ments in a mechanical and perfunctory man- 
ner.”’ 

Mel Gorman, 


University of San Francisco 


‘Contains stimulating exercises which chal- 

lenge the student's imagination and make him 

think. Especially welcome is the exercise 
which deals with chemical literature.”’ 

Norbert Isenberg, 

Skidmore College 


May, 1953 © 274 pages ® 19 figures @ Cloth © $2.50 


THOMAS Y. CROWELL COMPANY 
432 Fourth Avenue, New York 16, N. Y. 


GENERAL 
CHEMISTRY 


By Albert W. Laubengayer, Cornell Univ. Since its pub- 


| lication in 1949, GENERAL CHEMISTRY has in- 
| creased steadily in popularity and in the esteem in 


Please mention CHEMICAL EDUCATION when writing to advertisers 


which it is held by teachers of beginning chemistry. 
If you are looking for a book for students who plan 
to take more chemistry or who wish to obtain a 
sound chemical background for work in related fields, 
a book which nevertheless does not presume prior 
work in chemistry, you should reexamine GENERAL 


CHEMISTRY. 


528 pp. $5.00 


LABORATORY MANUAL AND 
PROBLEMS IN GENERAL CHEMISTRY 


By Albert W. Laubengayer. A laboratory manual com- 
plete with experiments and 336 problems. 


229 pp. $2.50 


EXPERIMENTAL 
NUCLEONICS 


By E. Bleuler and G. J. Goldsmith. Primarily a lab- 
oratory manual and handbook for students in radio- 
active tracer technology, and nuclear engineering, 
and nuclear physics, this book is copiously illustrated 
with numerous tables, diagrams, and graphs, including 
the Segre chart of the isotope. It includes experi- 
mental procedures related to the measurement of 
radiations from radioactive substances, and informa- 
tion in regard to setting up and operating a tracerlab. 


393 pp. $6.50 


SCIENTIFIC 
TERMINOLOGY 


By John Newbold Hough, Univ. of Colorado. This book 
explains the origins, the formation, and the use of 
Greek and Latin scientific terminology, both from the 
medical and the biological points of view. A mini- 
mum of latin forms provides an adequate guide to 
medical, pathological, bacteriological and Linnacan 
terminolgy. 

231 pp. $3.50 


RINEHART & CO. 


232 Madison Ave. New York, 16 
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“a Properties of Metals at Elevated Temperatures. 1950 
401 $8.50 McGraw-Hill. #617) 
SMITHELLS, COLIN J. Tungsten. 1953 400 pp $8.50 
Chemical Publishing Co., Ine. (#618) 
UHLIG, H. H. Corrosion Handbook. 1948 1188 pp $13.50 
John Wiley & Sons, I (#622) 


WESTWOOD, W., AND "MAYER, A. Chemical Analysis of Cast 
Iron and Foundry Materials. 1953 565 pp $8.50 Pitman 


Publishing Corp. (#623) 
CHEMICAL ECONOMICS 
ARIES, ROBERT S., anp COPULSKY, WILLIAM. Sales and 


1950 

( 4624) 
1952 87 pp 
625) 


Business Forecasting in the Chemical Process Industries. 
132 pp Paperbound, $5.00 Chemonomics, Inc. 
BOHMFALK, JOHN F. Chemical Investments. 
Pa erbound, $5.00 Chemonomics, Inc. (# 
TYLER. Chemical Engineering Economics. 3rd Edition 1948 
322 pp $5.00 McGraw-Hill. (#626) 
ULLMANN, JOHN E. Case Studies in Commercial Chemical 
Development. 1953 127 pp Paperbound, $5.00 Chemonom- 
ics, Inc (#627) 
ULLM ANN, JOHN E. A Guide to Sales Quota Setting. 1952 
63 pp Paperbound, $3.00 Chemonomics, Inc. (#628) 


BIOCHEMISTRY 


Selective Toxicity with Special Reference to 
228 pp $1.75 John Wiley & Sons, 


ALBERT, ADRIAN. 
Chemotherapy. 1951 


Ine. (#629) 
ALBRITTON, ERRETT C. Standard Values in Blood. 1952 
199 pp $4.50 W. B. Saunders Co. (#630) 


ANDERSON, ARTHUR K. Essentials of Physiological Chem- 
istry. 4th Edition 1953 480 pp $5.00 John Wiley & Son 
Ine. (#631) 

BAILEY, KENNETH, ann NEURATH, HANS, Editors. 
The Proteins. Volume I Part A 1953 548 pp. $12.00 Aca- 
demic Press Inc. (#632) 

BALL, ERIC G., er au., Editor. Biochemical Preparations. 
Volume II 1952 109 pp $3.00 John Wiley & Sons, Inc. 

( #633) 

Biochimica et Biophysics Acta. Volume XII Issues 1 and 2 
1953 Subscription price per volume $12.00 Elsevier. (#634) 

BOREK, E. Man, the Chemical Machine. 1952 232pp $3.00 
Columbia University Press. (#635) 

BOURNE, G. H., ann KIDDER, G. W., Editors. Biochemistry 
and Physiology of Nutrition. Volume I 1953 Approx. 500 

p a, $11.00 Academic Press Ine. ( #636) 

BOURNE, G. H., anp DANIELLI, J. F., Editors. International 

Review of Cytology. Volume I’ 1952 368 pp $7.80 Aca- 


demic Press Inc. ( #637) 
BOWEN, V. T., Editor. Chemistry and Physiology of The Nu- 
cleus. ‘Experimental Cell Research, Supplement 2. 1952 402 
pp $7.00 Academic Press Inc. (#638) 
BULL, HENRY B. Physical Biochemistry. 2nd Edition 1951 
355 pp $5.75 John Wiley & Sons, Inc. (#639) 
BURGER, ALFRED. Medicinal Chemistry. In two volumes 
Volume I 1951 595 pp $10.00 Interscience. (#640) 
BURGER, ALFRED. Medicinal Chemistry. In two volumes 
Volume II_ 1951 522 pp $10.00 Interscience. (#641) 


CANTAROW, ABRAHAM, ano TRUMPER, MAX. Clinical 
Biochemistry. 4th Edition 1949 642 pp $8.00 W. B. 
Saunders Co. (#642) 

CARTER, C. W. anp THOMPSON, R. H. 8S. Biochemistry in 
Relation to Medicine. 2nd Edition 1953 544 pp $6.00 Long- 
mans, Green & Co., Inc. (4642-1) 

CARTER, H. E. Biochemical Volume I 1949 
76 pp $2.50 John Wiley & Sons, I (#643) 

D.G. Genetics of 1951 214 

$4.50 Pitman Publishing Corp. (4644) 

Ciba Foundation a. on Endocrinology. Volume V_ (Bio- 
assay of Anterior Pituitary and Adrenocortical —--"' 
1953 242 pp $6.00 Little, Brown & Co. (#645) 

CROCKER, W., anp BARTON, LELA V. Physiology of seeds. 
1953 267 pp $6.50 Chronica Botanica Co. (464 

DANIELLI, J. F., anp BROWN, R., Editors. Structural = 
pects of Cell Physiology: Symposia of the Society for Experimen- 
tal Biology. Number VI 1952 357 pp $7.50 Academic 
Press Inc. (#647) 

DAVIDSON, J.N. The Biochemistry of the Nucleic Acids. 1950 
162 pp $1.75 John Wiley & Sons, Inc. (#648) 

DEMEREC, M., Editor. Advances in Genetics. Vol. V 1953 


331 oP $8. 50 Academic Press Inc. (#649) 
DEU. HARRY J., JR. The Lipids. In two volumes. 
Volume I 1951 1008 pp $18.50 Interscience. (4650) 


DORFMAN, RALPH I., ano UNGAR, FRANK. Metabolism 
of Steroid Hormones. 1953 Approx. 200 pp Approx. $4.00 
Burgess Publishing Co. (#651) 

DUNN anp DRELL. Experiments in Biochemistry. 1951 
216 pp $5.00 McGraw-Hill. 
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DU VIGNEAUD, VINCENT. A Trail of Research in Sulfa 
Chemistry and Metabolism and Related Fields. 1952 204 pp 
$3.25 Cornell University Press. (653) 

FISTER, HAROLD J. Manual of Standardized Procedures fn 
Spectrophotometric Chemistry. 1950 728 pp $30.00 Stang. 
ard Scientific Supply Corp. (4654) 

FRUTON, JOSEPH S., anp SIMMONDS, SOFTA. Gener 
Biochemistry. 1953 940 pp $10.00 John Wiley & Sons 
Ine ( #655) 

GERO, ALEXANDER. Biological Chemistry (An Introduction 
to Biochemistry). 1952 380 pp $5.00 The Blakiston Co, 

( #656 

GORDON, MYRON, Editor. Cell Growth: Procestial 
of the Third Conference on the Biology of Normal and Atypical 
Cell Growth. 1953 365 pp $7.00 Academic Press Ine. 

(#657) 

GORTNER, R. A., JR., ann GORTNER, W. A. Outlines of 
Biochemistry. 3rd Edition 1949 1078 pp $8.50 John Wiley 
& Sons, Ine. (4658) 

GRAY, C.H. The Bile Pigments. 1953 142 pp $1.75 John 
Wiley & Sons, Inc. (#659) 

GREENSTEIN, J. P., HADDOW, ALEXANDER, Editors, 
Advances in Cancer Research. Volume I 1953 590 pp 
$12.00 Academic Press Ine. (#660) 

ROBERT S., MARRIAN, G. F., anp THIMANN 


HARRIS, 
KENNETH V., Editors. Vitamins and Hormones: Advances 
in Research and Applications. Volume X 1952 421 pp 


$8.00 Academic Press Inc. (#661) 
HARROW, BENJAMIN. Laboratory Manual of Biochemistry. 
3rd Edition 1950 149 pp $2.50 W. B. Saunders Co. 


( #662) 

HARROW, BENJAMIN. Textbook of Biochemistry. 5th Edi- 
tion 1950 609 pp $6.50 W. B. Saunders Co. (#663) 
The Harvey Lectures. Series 47 (1951-1952) 1953 271 pp 
$7.50 Academic Press Inc. #664) 
HILLER, ALMA. Practical Clinical Chemistry. 1953 280 pp 
$6.50 Charles C. Thomas. ( #665) 


HOLLINGER, NELL F. Practical Clinical Chemistry. Part 1 
—Principles Part 2—Notes on Methods Part 3—Solutions 
and Reagents. 1952 Part 1—77 pp Part 2—60 cards 
Part 3—93 cards $4.50 The National Press. ( $666) 

JOHLIN, J. M. Introduction to Physical Biochemistry. 2nd 
Edition 1949 255pp $3.75 Paul B. Hoeber, Inc. (#667) 

KERTESZ, Z. I. The Pectic Substances. 1951 644 pp 
$13.50 Interscience. ( 4668) 


LARDY, HENRY A., eT au. Respiratory Enzymes. 2nd Ed- 
tion 1949 293 pp. $4.50 Burgess Publishing Co. (#669) 
LUCK, J. M., LORING, H.S., MACKINNEY,G. Annual 
Review of Biochemistry. Volume XXI 1952 781 pp $6.15 
Annual Reviews, Inc. #670) 
LUCK, J. M., LORING, H. S., MACKINNEY, G. Annual 


Review of Biochemistry. Volume XXII 1953 750 pp $6.15 
Annual Reviews, Inc. (#671) 
MARTIN, GUSTAV J. Biological Antagonism (The Theory of 
Biological Relativity). 1951 516 pp $8.50 The — 
0. 
MITCHELL. Textbook of Biochemistry. 1950 695 pp $7.00 
McGraw-Hill. (#673) 
MOILLIET, J. L., anp COLLIE, B. “9 Activity. 1951 
379 pp $12.50 'D. Van Nostrand Co., Ine. #674) 
NORD, F. F., Editor. Advances in Enzymology and Related 
Subjects of Biochemistry. Volume XIV 1953 451 pp $9.2 
Interscience. (#675) 
PEARSE, A. G. EVERSON. Histochemistry, Theoretical and 
Applied. 1953 530 pp $12.00 Little, Brown & Co. 6) 
PERCIVAL, E. G. U., Structural Carbohydrate Chemistry. 1950 
256 pp $6.00 Prentice-Hall, Inc. (#677) 
PETE RSON, W. H., anp STRONG, F F. M. General Biochemis- 
try. 1953 480 pp $6.50 Prentice-Hall, Inc. ( #678) 
PINCUS, GREGORY, Editor. Recent Progress i in Hormone Re- 
search. The Proceedings of the Laurentian Hormone Confer- 
ence Volume VIII 1953 603 pp $10.80 ——— 


Ine 
anp TAKAHASHI, W. N._ Technics of 


RAWLINS, T. E., 
Plant Histochemistry and Virology. 1952 125 pp = 
Standard Methods in 


The National Press. 
REINER, MIRIAM, Editor-in-chief. 
Clinical Chemistry. Volume I 1953 Approx. 200 pp Ap 
rox. $4.50 Academic Press Inc. (4681) 
ROBINSON, F. A. The Vitamin B Complex. 1951 “-. 
$9.00 John Wiley & Sons, Inc. ( #682 
SCHRADER, F. Mitosis, The Movements of Chromosomes ™ 
Cell Division. 2nd Edition 1953 164 pp $3.50 Colum 
bia carey Press #683) 
SEXTON, W. A. Chemical Constitution and Biological Activity. 
Qnd Edition 1953 412 pp $10.00 D. Van Nostrand oe 


Inc. 
SMITH, K. M. An Introduction to the Study of Viruses. 1952 
106 pp $2.75 Pitman Publishing Corp. ( #685) 
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Introduction to the Science of Chemistry 


A text for an introductory course with a new organization designed to present a 
coherent view of the structure and behavior of matter in easy and logical BY KAROL J. MYSELS 
fashion. A thorough discussion of physical changes precedes the discussion of 

chemical changes and descriptive material is arranged by type of phenomenon and 

rather than by element. Basic principles are well established before serious 

study of applications is taken. An unusual number of diagrams and graphic CHARLES S$. COPELAND 
presentations is utilized. 


The Essentials of Organic Chemistry 
Revised Edition 


W. PORTER This teachable text, intended for a survey course of one semester, maintains a 
BY C. W. balance between facts and theories of historical interest, those of current interest, 


and and those which are representative of fundamental principles. Throughout the 
text, the reactions covered are those of widest use for the beginning student. 
T. D. STEWART The treatment encourages correlation of organic chemistry with physical science 


in general. New facts and changed viewpoints are incorporated in the revised 
edition. Careful attention is given to the chemistry of radicals and to the 
problem of conjugation, or resonance. 


Ginn and Company 


Home Office: Boston 17 Sales Offices: New York I1 Chicago 16 


Atlanta 3 Dallas 1 Columbus 16 San Francisco 3 Toronto 5 


e Just Published e New Fifth Editions 


J. E. BELCHER and J. C. COLBERT, University of Oklahoma 


@®PROPERTIES AND NUMERICAL @ Tie new editions of these two books retain the 


same organization which has been so success- 


REL ATIONSHIPS OF THE ful in previous editions. All the problems 


are new and many of the experiments have 


COMMON ELEMENTS been rewritten. The section on “Chemical 


Arithmetic” has been largely rewritten and 


AND COMPOUNDS provided with an entirely new set of problems. 


The manuals are adaptable for use with any 
standard text for the introductory course in 
college chemistry. 


e EXPERIMENTS AND s Each of these manuals is a series of laboratory 


experiments and problems in general chemis- 


PROBLEMS FOR COLLEGE try: “Properties and Numerical Relationships” 


for a year’s work, and Experiments and Prob- 


CHEMISTRY lems for College Chemistry for a semester’s 


work. 


APPLETON — CENTURY — CROFTS, INC. 
35 West 32nd Street New York 1, N. Y. 
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SUMNER, JAMES B., ann MYRBACK, KARL, Editors. 
The Enzymes: ne and Mechanism of Action. Volume 


I, Part1 1950 ar $14.50 Academic Press, Inc. (#686) 
SUMNER, JAMES B., anp MYRBACK, KARL, Editors. 
The Enzymes: Chemistry and Mechanism of Action. Volume 


I,Part2 1951 637pp $13.50 Academic Press, Inc. (#687) 
SUMNER, JAMES B., ann MYRBACK, KARL, Editors. The 
Enzymes: Chemistry and Mechanism of Action. Volume II, 
Part1 1951 790pp $14.80 Academic Press, Inc. (#688) 
SUMNER, JAMES B., anp MYRBACK, KARL, Editors. 
The Enzymes: Chemistry and Mechanism of Action. Volume 
II, Part2 1952 650pp $14.00 Academic Press, Inc. 


( #689) 
SUMNER, JAMES B., anp SOMERS, G. FRED. Chemistry 
and Methods of Enzymes. 3rd Edition 1953 462 pp $7.50 


Academic Press Inc. (#690) 
SZENT-GYORGYI, A. Chemical Physiology of Contraction in 


Body and Heart Muscle. 1953 135 pp $4.80 Academic 
Press Inc. (#691) 
TAUBER, H. Chemistry and hang song of Enzymes. 1949 
550 pp $9.50 John Wiley & Sons, I (#692) 


TODD, JAMES CAMPBELL, SANFORD, ARTHUR HAW- 
LEY, AND WELLS, BENJAMIN B. Clinical Diagnosis by 
Laboratory Methods. 12th Edition 1953 998 pp $8.50 
W. B. Saunders Co. (#693) 

TULLIS, JAMES L., Editor. Blood Cells and Plasma Pro- 
teins: Their State in Nature. 1953 436 pp $8.50 Aca- 
demic Press Ine. (#694) 

UMBREIT. WAYNE W. Metabolic Maps. 1952 441 pp 
$6.00 Burgess Publishing Co. (4695) 

UMBRIET, BURRIS anp STAUFFER. Manometric Tech- 
niques and Tissue Metabolism. 6th Edition 1949 230 pp 
$4.00 Burgess Publishing Co. ( #696) 

WALKER, BURNHAM S., BOYD, WILLIAM C., ann ASI- 
MOV, ISAAC. Biochemistry and Human Metabolism. 1952 
820 pp $9.00 Williams & Wilkins Co. (#697) 

WEST anv TODD. Textbook of Biochemistry. 1951 1345 

$12.00 The Macmillan Co. (#698) 

WHITE, PHILLIP R. A Handbook of Plant Tissue Culture. 
1943 277 pp $4.75 The Ronald Press Company. (#699) 

WILLIAMS, EAKIN, BEERSTECHER anp SHIVE. The 
Biochemistry of B Vitamins. 1950 750 pp $15.00 Rein- 
hold. (#700) 

WILLIAMS, R. T. Mechanisms. 1948 288 
$5.00 John Wiley & Sons, I (#701) 

WILLIAMS, ROGER J., AND BEERSTECHER, ERNEST, JR. 


Introduction to Biochemistry. 2nd Edition 1948 736 $6.50 
D. Van Nostrand Co., Inc. (#702) 
WITTCOFF, H. The Phosphatides. 1951 554 pp $12.00 


Reinhold. (#703) 
WOLSTENHOLME, G. E. W., DAVIDSON, J. N., er au. 
Isotopes in Biochemistry. 1952 288 pp $5.00 The Blakis- 


ton Co. (#704) 
WOOLLEY, D. W. A Study of Antimetabolites. 1952 269 pp 
$5.00 John Wiley & Sons, Inc (#705) 
YOFFEY, J. M., Editor. The Suprarenal Cortex: Proceedings of 
the ¥ Symposium of the Colston Research Society. 1953 232 
at 6.80 Academic Press Inc. (#706) 
ZECHMEISTER, L. Progress of Chromatography. 1951 368 
pp $8.00 John Wiley & Sons, Inc. (#707) 
BIOPHYSICS 
BUTLER, J. A. V., anpD RANDALL, J. T.; Editors. Progress in 
re and Biophysical Chemistry. VolumeIII 1953 386 
$9.50 Academic Press Inc. (#708 ) 
LAWRENCE, JOHN H., anno TOBIAS, C. Editors. Ad- 
vances in Biological and Medical Phy ysics, FR III 1953 
$8.00 Academic Press Inc. (#709) 


368 pp 
POLLARD, E. C. The Physics of Viruses. 1953 Approx. 200 
pp Approx. $5.00 Academic Press Ine. (#710) 


BACTERIOLOGY AND PHYSIOLOGY 


ANDERSON, A. K. Laboratory Experiments in Physiological 
Chemistry. Revised 1947 236 pp $2.90. John Wiley & 
Sons, Ine. (#711) 

BEST, CHARLES HERBERT, ann TAYLOR, NORMAN 
BURKE. Physiological Basis of Medical Practice. 5th 
Edition 1950 1343 pp $11.00 Williams & Wilkins i 

712 

CLIFTON. Introduction to the Bacteria. 1950 528 pp $5.75 
McGraw-Hill. (#713) 

HAWK, PHILIP R., OSER, BERNARD L., anp SUMMER- 
SON, WILLIAM H. Practical Physiological Chemistry. 12 


Edition 1947 1323pp $10.00 The BlakistonCo. (#714) 
MITCHELL. Textbook of General Physiology. 1948 927 pp 
$8.00 McGraw-Hill. (#715) 


SALLE. Fundamental Principles of poenratam. 3rd Edition 
1948 714 pp $7.50 McGraw-Hill. (#716) 


76 


SCHEER, BRADLEY T. gy Physiology. 1053 614 pp 
7.00 John Wiley & Sons, I (#717) 
TAN NER, FRED W., anv TANNER, LOUISE P.  Food-Borne 
In fections and Intoxications. 2nd’ Edition 1953 769 pp 
$12.00 The Garrard Press. (#718) 


MICROBIOLOGY 


BARTON-WRIGHT, E. C. The Microbiological Assay of the 
Vitamin B-C omplex and Amino Acids. 1952 179 pp $4.00 
Pitman Publishing Corp. (#719) 

CLIFTON, C. E., BARKE R, H. A., anp RAFFEL, 8S. Annual 
Review of Microbiology. Volume V 1951 375 pp $6.15 


Annual Reviews, Ine. (#720) 
CLIFTON, C. E., BARKER, H. A., anp RAFFEL, 8. Annual 
Review of Microbiology. Volume VI 1952 492 pp $6.15 


Annual Reviews, Ine. 
GAINEY, P. L. anp LORD, T. H. Microbiology of Water and 
Sewage. 1952 512 pp $5.90 Prentice-Hall, Inc. (#722) 
MOST, H., Editor. Parasitic Infections in Man. (New York 
Academy of Medicine Section on Microbiology Symposium No, 
4) 1951 229 pp $4.50 Columbia University Press. 
(#723) 


PAPPENHEIMER, JR., A. M.Editor. The Nature and Signif.- 
cance of the Antibody Response. 1953 237 pp $5.00 Co- 
lumbia University Press. (#724) 

SCHWARTZMAN, G. The Effect of ACTH and Cortisone upon 
Infection and Resistance. (New York Academy of Medicine, 
Mar. 1952, Section on Microbiology, Symposium No. 6) 1953 
262 pp $5.00 Columbia University Press. (#725) 

WAKSMAN, 8S. A. The Actinomycetes. 1950 230 pp (An- 
nales Cryptogamici et Phytopathologici 9) $5.50 Chronica 


Botanica Co. (#726) 
WAKSMAN, SELMAN A. Soil Microbiology. 1952 356 pp 
$6.60 John Wiley & Sons, Inc. (#727) 


PHARMACEUTICAL 


Handbook of Antibiotics. 1950 300 pp = 
(#728) 

PAUL Z. Perfumery Synthetics and Isolates. 
1951 494 pp $8.50 D. Van Nostrand Co., Inc. (#729) 
COOK, E. FULLERTON, BEAL, GEORGE D., er au. The 
Pharmacopeia of the ’nited States of America. 14th Revision 
1950 1067 pp $9.00 Mack Publishing Co. (#730) 
Cc OOK, E. FULLERTON, MARTIN, ERIC W.  Reming- 
ton’s Practice of Pharmacy. 10th Edition 1950 1630 pp 
$16.00 Mack Publishing Co. (#731) 
FINDLAY, G. M., Editor. Recent Advances in Chemotherapy 
3rd Edition VolumeI 1950 625 pp $7.50 The Blakiston 


Co (#732) 
FINDLAY, G. M., Editor. Recent Advances in Chemotherapy. 
3rd Edition V olume IT (Malaria) 


1951 597 pp $7.50 
The Blakiston Co. 


(#733) 
JENKINS, G. L., CHRISTIAN, anp HAGER. Quantitative 
Pharmaceutical Chemistry. 4th Edition 1953 oar" 
JENKINS, C. L., ann HARTUNG, W. H. The Chemistry of 
Organic Medicinal Products. 3rd Edition 1949 745 pp 
$7.50 John Wiley & Sons, Inc. (#735) 
MERCK &CO., INC. The Merck Manual. 8th Edition 
1592 pp $5. 00 Plain, $5.50 Thumb-Index Merck & Co. Inc. 


1950 
(#736) 
POWERS, JUSTIN L., 


BARON, A. L. 
Reinhold. 
BEDOUKIAN, 


SCHAEFER, HUGO H., er au. The 
National Formulary. 9th Edition 877 pp "$8.00 Mack 


Publishing Co. (#737) 
STOC KING, CHARLES H., anv CATALINE, ELMON L. 
Stevens’ Arithmetic of Pharmacy. 8th Edition 1952 148 


$2.75 D. Van Nostrand Co., Ine. (#738) 

SU C. M., er Editors. Medicinal Chemistry. (A 
Series of Reviews Prepared under Auspices of Division of } 

dicinal Chemistry of the A.C.S.) Volume I 1951 473 r 

$10.00 John Wiley & Sons, Inc. (#739) 

WORLD HEALTH ORGANIZATION. International Pharma- 

copoeia. Volume I 1951 406 pp $5.00 Columbia Uni- 

versity Press. (#740) 


FOODS AND NUTRITION 


CHATT, EILEEN M. Cocoa. 1953 —_. 366 pp Ap- 
prox. $7.50 (Economic Crops, Volume IIT) Interscience, 


HERSTEIN, KARL M., ann JACOBS, MORRIS B._ The 
Chemistry and a ry of Wines and Liquors. 2nd Edition 
1948 464 . Van Nostrand Co., Inc. (#742) 

JACOBS, MORRIS B B. Chemical Analysis of Foods and Food 
Products. 2nd Edition 1951 904pp $10.00 D. Van Nos 


trand Co., Inc (#743) 
JACOBS, MORRIS B. Synthetic Food Adjuncts. 1947 335 
$7.50 D. Van Nostrand Co., Inc. (#744) 
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New Harper “Jexts in Chemisty 
pp 
718) IN HARPER’S CHEMISTRY SERIES 
Under the Editorship of WILLIAM MARSHALL MACNEVIN 
the 
4.00 
719) ORGANIC CHEMISTRY 
By Me vin J. AstLe and J. Ret SHetton, Case Institute of Technology 
a A thorough new text for the year course in organic chemistry, notable for its integra- 
56 5 tion of classical theories with both modern electronic interpretations and industrial 
721) po aac wregse Covering all essential principles and reactions, it is of equal value to 
igen chemistry majors and chemical engineers. 771 pages. $7.50. 
722) 
QUANTITATIVE ANALYSIS 
ILLIAM MarsHALL MAcNEvIN and Tuomas RicHarp Sweet, Ohio Slate University 
‘ By W M MacN d T R ) Ohio State Ui t 
723) 
mifi- This sound and readable text for short courses in quantitative analysis is essentially a 
Co- series of experiments selected to illustrate the basic theory of quantitative analysis. 
724) Theoretical material is incorporated into the introduction of the experiments. The 
“pon experiments themselves are skillfully designed to minimize time requirements. Many 
cine, exercises, both modern and classical. 248 pages. $3.75. 
1953 
7. 
fs To Be Published in November 
nica 
726) SEMIMICRO QUALITATIVE ANALYSIS, REVISED EDITION 
A By Hervey H. Barser, University of Minnesota and T. Ivan Taytor, Columbia University 
A new text for laboratory courses in semimicro qualitative analysis which provides an 
up-to-date treatment of the underlying principles of analytical chemistry as applied to : 
8.00 specific problems in the procedures. The need for hydrogen sulfide gas is eliminated A 
798 by using thioacetamide as a reagent for sulfide precipitations. Extensive tables are 
. a included, and there are many questions and problems. $4.50. 
729) 
The HARPER & BROTHERS PUBLISHERS, 49 East 33d Street, New York 16, N. Y. 
S101 
730) 
ing- 
731) 
apy 
xtbook of 
732) 
apy. 
Quantitative Analysis 
p> I By Gives a thorough background of basic scientific fact upon which a knowledge 
ro And p of analytical technique can be built. Includes numerous exercises and prob- 
Ine. rew Patterson, Jr. lems. 1952, 500 pages, $4.25. Separate tables to accompany the text: 
Ps Henry C. Thomas Formula Weights, Gravimetric Factors, Four-Place Logarithms, and Atomic 
on Yale University Weights. Answer Pamphlet available to teachers. 
3 
bi "... The authors take pains to explain carefully many of the details which 
= are most troubling to the students. A successful attempt is made to broaden 
ye the outlook in regard to introducing physical methods. The scope of the 
139) book is broad for a volume of this size, yet the theory is adequately treated.” 
Thi. John H. Wise, Stanford University 
"|... The emphasis on the stoichiometric laws is well taken and an excellent 
Ap- point. There is much valuable information in the book.” ... Anton A. Bene- 
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JENSEN, LLOYD B. 
ment in Food Gatherin 


Man’s Foods: Nutrition and Environ- 


Times and Food Producing Times. 


1953 278 $4.50 The Garrard Press. (#745) 
JENSEN, LLOYD B. Meat and Meat Foods: Processing and 
Preservation from Meat Plant to Consumer. 1949 218 pp 
$3.75 The Ronald Press Company. (#746) 


JOLLIFFE, NORMAN, TISDALL, F. F., 
ign R. Clinical Nutrition. 


AND CANNON, 
1950 937° pp $12.00 Paul 


Hoeber, Inc #747) 
MONIER WILLIAMS, C. W. Trace Elements in Food. 1949 
511 pp $6.00 John Wiley & Sons, Inc. (#748) 
MRAK, E. M., anp STEWART, G. F., Editors. Advances in 
Food’ Research. Volume IV 1953. 457 pp $9.00 Aca- 
demic Press Inc. #749) 
PARKER anp HARVEY. Elements of Food Engineering. 1952 
VolumeI 500 pp $8.75 Reinhold. (#750) 


PROUDFIT anp ROBINSON. Nutrition and Diet Therapy. 
10th Edition 1950 951 pp $4.50 The Macmillan oe 
#751 

SHERMAN. Chemistry of Foods and Nutrition. 8th Edition 
1952 636 pp $6.00 The Macmillan Co. (#752) 
TRESSLER anp LEMON, MAC W. Marine Products of Com- 
merce. 2nd Edition 1951 800 pp $18.00 eee ' 
#753 

TRIEBOLD, HOWARD O. Quantitative Analysis with Appli- 
cations to Agriculture and Food Products. 1946 31lpp $4.00 


D. Van Nostrand Co., Ine. #754) 
VAN HOOK, ANDREW. Sugar—Its Production, Technology 
and Uses. 1949 155 pp $3.00 The Ronald Press Com- 
any. (#755) 
vON LOESECKE, H. W. Outlines of Food Technology. 2nd 
Edition 1949 583 pp $7.50 Reinhold. 756) 
bag AND WEBB. Byproducts from Milk. 1950 325 
$6.00 Reinhold. (#757) 
WOODMAN. Food Analysis. 4th Edition 1941 607 pp 
$7.00 McGraw-Hill. (#758) 
AGRICULTURAL CHEMISTRY 


BRAUTLECHT, CHARLES A. Starch, Its Sources, Production 
and Uses. 1953 400 pp $10.00 Reinhold ( 

BROWN, A. W. A. Insect Control by Chemicals. 
$12.50 John Wiley & Sons, Inc. 

DEONG,E.R. Insect, Fungus and Weed Control. 
$10.00 Chemical Publishing Co., Inc. 

DUTCHER, R. ADAMS, JENSEN, CLIFFORD O., anp 

Introduction to Agricultural Biochem- 


ALTHOUSE, PAUL M. 
istry. 1951 502 pp $6.00 John Wiley & Sons, Inc. (#762) 

ELLIS anp SWANEY. Soilless Growth of Plants. 2nd Edition 
(Revised and Enlarged by Eastwood) 1947 
Reinhold. 

FREAR, DONALD E. H. i= ricultural Chemistry. Volume I 
(Principles of Agricultural Chemistry) 1950 902 pp $9.50 
D. Van Nostrand Co., Ine. (#764) 

FREAR, DONALD E. H. Agricultural Chemistry. Volume II 
(Applications of es Chemistry) 1951 588 pp 

9.50 Van Nostrand Co., Ine. (# 765) 

FREAR, DONALD E. H. Chemistry of Insecticides, Fungi- 
cides and Herbicides. 2nd Edition 1948 412 pp $7.50 
D. Van Nostrand Co., ~~ (#766) 

JACOB, K. D., Editor. omy: A_Series of Monographs. 
Volume III (Fertilizer ‘Technology and Resources in the United 


States) 1953 454pp $8.50 Academic Press,Inc. (#767) 
— W. P. Alkali Soils. 1951 168 pp $5.50 aan 
#768 


hol 
MC GINNIS, R. A. Beet Sugar Techno. ogy 
$11.00 Reinhold. 


1951 550 pages 
(#769) 
NORMAN, A. G., Editor. 


Advances in Agronomy. Volume IV 


1952 416 pp $8.50 Academic Press Inc. (#770) 
SHEPARD, H. The Chemistry and Action of Insecticides. 
1951 504 pp $7.00 McGraw-Hill. (#771) 


WAGGAMAN, W. H. Phosphoric Acid, Phosphates and Phos- 
phatic on 1952 683 pp $15.00 Reinhold. (#772) 


WALLACE, T. Diagnosis of Mineral Deficiencies in Plants. 
1952 oh PR $10.00 Chemical Publishing Co., Inc. (#773) 
WALLACE, ET AL. Trace Elements in Plant Physiology. 


1950 160 pp $4.50 Chronica Botanica Co. (#774) 


HISTORY AND BIOGRAPHY 


BROWNE, CHARLES ALBERT, anp WEEKS, MARY EL- 
VIRA. 75 Eventful Years. (A History of the American Chem- 
1951 527 pp $5.00 American 

# 

FARBER EDUARD. The Evolution of Chemistry: A History 
of Its Ideas, Methods and Materials. 1952 349 pp $6.00 

he Ronald Press Company. (#776) 

FINDLAY. A Hundred Years of Chemistry. 2nd Edition 
1948 318pp $3.25 The Macmillan Co. (#777) 
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GETMAN, FREDERICK H. The Life of Ira Remsen. 1949 
157 pp $2.50 Chemical Education Publishing Co. (#778) 

GUERLAC, HENRY. Science in Western Civilization—A Sy. 
labus. 1952 197 pp $3.00 The Ronald Press Company, 


779 

HAYNES, WILLIAMS. American Chemical Industry: (ft 

tory. Volume II-III (World War I Period 1912-1922) 
1945 1046 pp $12.00 each D. Van Nostrand Co., Ine. 


780 

HAYNES, WILLIAM. American Chemical Industry: 
tory. Volume IV (The Merger Era 1923-1929) 1948 440 pp 

$12.00 D. Van Nostrand Co., Ine. (4781) 

HAYNES, WILLIAMS. American Chemical Industry: A His. 

tory. Volume VI (Histories of the Companies) 1949 559 pp 

$12.00 D. Van Nostrand Co., Ine (#782) 


LEICESTER, HENRY M., Editor. Chymia. Volume II] 
1952 251 pp $4.50 University of Pennsylvania Press, 

(#783 

LEICESTER, HENRY M., Editor. Chymia. Volume y 
1953 216 pp $4.50 University of Pennsylvania Press 


(#784 

LI CH’AIO-P’ING. The Chemical Arts of Old China. oe 
215 pp $5.00 Chemical Education Publishing Co. (#785) 
MCKIE, DOUGLAS. Antoine Lavoisier: Scientist, Economist, 
Social Reformer. 1952 440pp $6.00 Henry Schuman, Ine. 


SARTON, G. A Guide to the History of Science. 1952 
$7.50 Chronica Botanica Co. 

TAYLOR, F. SHERWOOD. The Alchemists. 
Modern Chemistry. 1949 246 pp 


Inc. (#788) 
WEEKS, MARY ELVIRA. Discovery of the Elements. 5th 
Edition. 1945 578pp $4.00 Chemical Education Publish- 
ing Co. #789) 


(#786) 
316 pp 
(#787) 
Founders of 
$4.00 Henry Schuman, 


REPRINTS OF SCIENTIFIC PERIODICALS 


Annual Review of Biochemistry. 1932 Volume I Cloth bound 
reprint $11.00 Johnson Reprint Corporation. (#790) 

Chemical Abstracts. 1910 Volume IV Paper bound reprint in 
5 parts $75.00 per volume Johnson Reprint Corporation. 


(#791) 

Chemical Reviews. 1924 Volume I Paper bound reprint 
$15.00 Johnson Reprint Corporation. (#792) 
CHEMICAL SOCIETY, LONDON. Journal. 1848 Volume 


I Paperbound reprint $20.00 Johnson Reprint Cn. 
(#793 

Ergebnisse der 1943. VolumeIX cloth bound 
reprint $12.50 Johnson Reprint Corporation. (#794) 
Helvetica Chimica Acta. 1918 Volume I Paper bound reprint 
$25.00 Johnson Reprint Corporation. (#795) 
Journal of Chemical Physics. 1933 Volume I Paper bound 


reprint $20.00 Johnson Reprint Corporation (#796) 
Journal of Organic Chemistry. 1948 Volume XIII Paper bound 
reprint $20.00 Johnson Reprint Corporation (#797) 


) 

Journal of Physical Chemistry. 1933 Volume XXXVII_ Paper 

bound reprint $25.00 Johnson Reprint Corporation. (#798) 

Recueil des Travaux Chimiques des Pays-Bas. 1882 Volume I 
Paper bound reprint $15.00 Johnson Reprint Comper 


Review of Scientific Instruments. 1930 Volume I Paper 
bound reprint $15.00 Johnson Reprint Corporation. (#800) 


REFERENCE 


BRIDGWATER, W., ann SHERWOOD, E. J. The Columbia 
Encyclopedia, 2nd Edition (In one volume) 1950 2,211 pp. 
$28.50 Columbia University Press. ( #801) 

CALLAHAM, L. Russian-English Technical and Chemical Dic- 
tionary. 1947 794 pp $14.00 John Wiley & Sons, ga 

DEVRIES. German-English Science 2nd Edition 
1946 940 pp $20.00 McGraw-Hill ( #803) 

DEVRIES. German-English Technical and Engineering Diction- 
ary. 1950 940 pp $20.00 McGraw-Hill. ( #804) 

DYSON, G.M. Short Guide to Chemical Literature. 1951 144 pp 
$2.00 Longmans, Green & Co., Inc (4804-1) 

FLOOD, W. WEST, M. of Scientific and 
Technical Words. 1952 397 pp $3.00 Longmans, oo é 


Co., Inc. 

FOTOS, J. T., anp BRAY, J. L. German Grammar for Chemists 
and Other Science Students. 1938 323 pp $3.50 John 
Wiley & Sons, Inc. ( #805) 

FOTOS, J. T., anp BRAY, J. L. Introductory Readings in 
Chemical and Technical German. 1941 303 pp $3. 50 John 
Wiley & Sons, Inc. ( #806) 

FOTOS, J. T., anp SHREVE, R. N. Advanced Readings in 
Chemical and Technical German. 1940 304 pp $3.50 John 
Wiley & Sons, Inc. (#807) 
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ndispensable 


for the teacher ; 
for the chemist | 
for the graduate student : 


THE JOURNAL OF CHEMICAL EDU- 
CATION is a continuing university for 
the teacher and for the chemist in in- 
dustry. It is an open forum for the 
exchange of ideas and experiences, the 
value of which is apparent to chemists 
in industry as well as to all chemistry 
teachers. 


Solutions to problems, improvements in 
technique and practice, new theories 
and ideas become common knowledge 
for the benefit and guidance of all. 


While the JOURNAL is the chemistry 
teachers’ own periodical its editorial 
columns are open and of interest to the 
industrial or research chemist also. 


Not only does the JOURNAL feature 
ariticles pertaining to education and 
educational practices, such as teaching 
methods, educational studies and statis- 
tics, but. . . . it carries original papers 
from prominent educational and re- 
search chemists as well. 


Its articles on new and revised labora- 
tory procedure and technique, and on 
the construction of laboratory appara- 
tus, are of value to all chemists. 


Other articles in the JOURNAL, which 
are most often referred to by commenta- 
tors, are its reviews of industrial proc- 
esses and practices, and its historical 
and biographical sketches. Abstracts, 
book reviews and extended discussions 
of subjects impossible to include in 
textbooks are regular features. 


These articles are clear, concise and 
authoritative. They are varied in topic 
and sufficiently non-technical to be of 
general value. They form a living text- 
book of chemistry—an invaluable 
source of material not to be found in 
reference volumes, or elsewhere. 


Thousands of chemists and chemistry 
teachers use the JOURNAL in their own 
special way to meet their own special 
problems, and it is readily adaptable to 
a multitude of such uses. You too, 
will find the JOURNAL helpful, in- 
formative .... and highly readable. 


SUBSCRIPTION RATES 


l year 2 years 
Domestic and coun- 


tries in Pan. Ameri- 

can Union......... $3.50 $6.00 
4.00 7.00 
Other countries...... 4.50 8.00 
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rial of interest to engineers, physicists, and applied mechanicians. It 
is suitable both as an introductory textbook and as a reference work 
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empirical results, with the basic objective of creating a book of prac- 
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* with progress made in the other sciences and philosophies. Shows how 
the development of theories and the use of experiments have led to our 
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Metallurgical Engineer and Consultant 
ALL-INCLUSIVE record of the progress made in the development and 
e latest uses of electrolytic manganese. Explains industrial and technical 
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SCIENCE IN WESTERN CIVILIZATION 


HENRY GUERLAC, Cornell University 


A SYLLABUS for courses on the history of western civilization, using the 
e development of science as the central theme. Relates the progress in 
science to the course of general history and the main currents of intellec- 
tual life in the West. $3 


THE RONALD PRESS COMPANY - 


15 East 26th Street 
New York 10 


79 


(#778) | 
A Syl. 
any. | 
(#779) | 
A His. | 
1922.) | 
( #780) 
His. | 
(40 
4781) | | | 
1 Hi. | | 
559 pp | 
#782) | 
e III | 
(#783) 
e TV | 
8 | | 
#784) 
1948 | | 
#785) | | 
omist, | | 
1, Ine, | 
#786) | 
16 pp | 
#787) | 
rs of | 
man, | | 
#788) | 
5th | 
blish- | 
#789) | | 
| | 
| 
| 
| 
| 
| 
| 
| | 
| | 
| | 
| | 
| 
| | 
| 
| | 
| | 
| | 
| | 
_pp. | 
| 
tion | 
| 
| 
304) 
pp 
4-1) | 
and | 
n & | 
4-2) | 
vists | 
ohn 
305) 
in 
ohn | 
| | 
in 
ohn | 
07) 
953 


GARDNER, WILLIAM. 
Names. 
trand Co., Inc 

GRANT, JULIUS, Editor. 


Chemical Synonyms and Trade 
5th Edition 1947 558 pp $15.00 D. Van Nos- 
(#808) 

Hackh’s Chemical Dictionary. 3rd 
Edition 1946 (Completely Revised and Edited) 925 pp 
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LEADERS 
IN THE 
FIELD 


* 


BRISCOE: 


College Chemistry, 4TH EpItIon 


BRISCOE: 


General Chemistry for Colleges, Eprriow 
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WALKER, BOYD AND ASIMOV: 
Biochemistry and Human Metabolism 


Detailed presentation of clinical applications of bio- 
chemistry. Classical order of topics altered so that 
proteins can be discussed first—since they are of prime 
importance to biochemistry. Human _ biochemistry 
emphasized almost to the exclusion of other branches. 
Stresses current uncertainties in bio-chemical theory. 
Shows biochemistry to be a growing, expanding science 
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wildering rapidity. 
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“ie will insure the success of the particular 

colorimetric procedure."’ 
Stanley Levey, American Journal of 
CLINICAL PATHOLOGY 


«|... of invaluable help to all workers in 
clinical laboratory methods and we recom- 
mend it highly.’’ 

R. B. H. G., The LABORATORY DIGEST 


“*,.. adapted from the best or better pro- 
cedures in the literature."” 


Roy W. Bonsnes, The CLINICAL CHEMIST 


“The methods . . . incorporate the most 
recent improvements and modifications of 
the original procedure.” 


Barry Commoner, SCIENCE 


. voluminous, practical laboratory 
manual . . . valuable to any clinical 
laboratory.”’ 

Norris W. Rakestraw, The Journal of 
CHEMICAL EDUCATION 


‘,.. written in a very clear 

and concise way, with all the 
individual reagents and steps in 
the procedures numbered and well 
separated for easy reading.” 

M. G. Mellon, ANALYTICAL 
CHEMISTRY 


Contains: 


2? 4 METHODS for the 


determination of 


11 SUBSTANCES in various 
biological fluids; includes 


CHARTS. 
No fewer than 


339 TESTS can be performed 


from the 
N 


loose-leaf PAGES of this 
manual, printed in large, 
clear type on paper 
selected to stand 
constant laboratory han- 
dling, and bound in a hand- 


tremendous value... 


THE MANUAL of 
STANDARDIZED 

PROCEDURES for 
SPECTROPHOTOMETRIC 


CHEMISTRY SY 
By HAROLD J. FISTER 
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clinical and biological techni- 

cians . . . a book that will save 
hundreds of hours and hun- 
dreds of dollars in preparing 

most procedures for spectro- 
photometric chemistry. 


Outlines, in detail, a step- 
by-step procedure for per- 
forming each determina- 

tion. All methods were 
painstakingly worked 
out on the Coleman 
spectrophotometer, but 
are adaptable to nearly every 
instrument marketed today, in- 
cluding Beckman, Brociner-Mass, 
Klett-Summerson, Leitz, Hellige, Cenco, 
Lumetron and Evelyn. 


Includes only the latest and most approved 
clinical methods . . . accurate, easily applicable, simple. 
All methods were proved under actual working con- 
ditions by independent authorities. 


Price $30.00 per copy 


Even if you use only a few of these many procedures, this maaual 
will pay for itself many times over in a very short period. Onder your 
copy now or send for FREE DESCRIPTIVE LITERATURE. 


STANDARD SCIENTIFIC SUPPLY CORP., Publishers 
34 West 4th Street, New York 12, N. Y. 


re 


Standard Scientific Supply Corp. 
34 W. 4th St, New York 12, N. Y. 


Please send_____copies of Fister's Manual of Standardized Pro- 
cedures for Spectrophotometric Chemistry, at $30.00 each. 
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A New (Revised) Edition 
of a textbook which 
has proved its worth 


PHYSICAL CHEMISTRY 


For Students of 
Biology and Medicine 


by 
David Ingersoll Hitchcock, Ph.D. 


Associate Professor of Physiology 
Yale University School of Medicine 


This is the ideal text for the one-semester course in Physical 
Chemistry for non-chemistry majors. It has been out of print for 
Several years, and the fourth edition by a new publisher is destined 
to again become the most widely used text in its field. 


Problems at the end of each chapter. A completely new section of 
14 laboratory experiments makes a separate laboratory manual 
unnecessary. Copies sent to teachers for class consideration 
entirely without obligation. Write for your copy today. 


288 pages 31 illustrations $5.00 


“The new Pearse bids fair 


to become the leader” 
Review in ENDOCRINOLOGY 


HISTOCHEMISTRY 


Theoretical and Applied 
By A. G. Everson Pearse 


Lecturer in Histochemistry at the Postgraduate Medical School 
(University of London) 


This book is an endeavor to compass the whole of histochemistry 
as applied to tissue sections. It deals solely. therefore, with the 
theoretical and practical aspects of Microscopical tiistochemistry. 


TECHNICAL APPENDICES TO EACH CHAPTER 


530 pages, 109 illustrations, 4 color plates $12.00 


BROWN & COMPANY, BOSTON 


The Mark of Good Books Since 1837 
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recommended...” 


| 
POLAROGRAPHIC 
METHOD 


OF ANALYSIS 


By OTTO H. MULLER, 
Associate Professor of 
Physiology, State University 
of New York Medical Center 
at Syracuse, Syracuse, N.Y. 


In this second revised and augmented 
edition, the author purposes “to present 
a simple account of polarography in a 
form which can be used by teachers and 
students in physical chemistry as well 
as in advanced courses in analytical 
chemistry.”” The emphasis is on prin- 
ciples and the scope is descriptive rather 
than mathematical. It begins with an 
excellent review of electroanalysis, 
showing the relation of polarography to 
other electro methods. A brief de- 
scription of apparatus includes equip- 
ment constructible from parts readily 
available in many laboratories. Funda- 
mentals of quantitative and qualitative 
analysis and recent developments are 
discussed in some detail. Chapters on 
applications and suggestions for prac- 
tical polarography complete the book. 


A particularly good feature is the in- 
clusion of 26 experiments, and the 
graphs and tables of data obtained from 
them constitute the illustrative material 
of the text. These experiments could 
be undertaken with profit by anyone 
desiring an experimental indoctrination 
in polarography. 


The book is especially recommended 
to students, beginners in the field, and 
anyone desiring a brief but compre- 
hensive introduction of the funda- 
mentalsof polarographicmeasurements. 


Joun K. TaYLor 
ANALYTICAL CHEMISTRY 


209 pp. illustrated $3.50 


(Foreign $4.00) 


CHEMICAL EDUCATION 
PUBLICATIONS 
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U.S. 
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A New Book on Statistical Analysis. . . 
STATISTICAL DESIGN 


AND 


ANALYSIS OF EXPERIMENTS 
‘OR 
DEVELOPMENT RESEARCH 


This book by Donald Statler Villars, Research Scientist, 
U. S. Naval Ordnance Test Station, Inyokern, China Lake, 
California is based on courses and lectures given at various 
universities. It summarizes the fundamental principles in- 
volved in the design of efficient experiments. A journalistic 
style is employed so that the reader may almost immediately 
begin applying various analyses to his own data without hav- 
ing to go any deeper into the subject than he desires. Major 
emphasis is placed on the techniques of small sample statis- 
tical analysis for use in laboratory and development work. 

Of particular value is a detailed study of replication de- 
generacy, a design where several different types of treat- 
ments are repeated to differing extents. An understanding 
of the simple principle involved in this design will prevent 
the beginner from making erroneous “‘statistical’’ conclusions. 
The author formulates a rational system for determining the 
correct method of analyzing variance. New and extended 
tables of variance are worked out. A detailed description 
is given of the technique for applying these components to 
determine the appropriate error estimate for a legitimate 
significance test. 

Many tables of actual test data and typical calculations 
are used to illustrate the text. A comprehensive glossary 
of terms is included. There are lists of typical problems 
with their solutions, and both author and subject indices. 
This 514” x 814” book contains 472 pages, is cloth bound 
and sells for only $6.50. Order your book on money back 
guarantee today... . 


WM. C. BROWN COMPANY 


Publishers 
DUBUQUE, IOWA 


MICROTEXT 
MICROCARDS, 


A.C.S. MEMBERS—SEE OUR SPECIAL EXHIBIT, BOOTH NO. 6 
PALMER HOUSE, CHICAGO, ILLINOIS 
SEPTEMBER 9-11, 1953 


PARTIAL LISTING 
1. J. BIOLOGICAL CHEMISTRY Vol. 1-45 (1905- 


1921) index $174.80 
2. JOURNAL FUER PRAKTISCHE CHEMIE NS 
Vol. 1-162 (1870-1943) indices $396.00 
3. Z. FUER ANORGANISCHE UND ALLGEMEINE 
CHEMIE Vol, 1-252 (1892-1944) indices $625.00 
4. KOLLOID ZEITSCHRIFT Vol. 1-107 (1906-1944) 
$225.40 
5. LIEBIG’S ANNALEN DER CHEMIE Vol. 1-554 : 
(1832-1943) indices $1008.80 
6. BERICHTE Vol. 1-77 (1868-1945) indices $1168.00 
7. Z. FUER PHYSIKALISCHE CHEMIE Vol. 1-193 
(1887-1944); ABT. B, Vol. 1-53 (1929-1943) indices $706.80 
8. PHYSIKALISCHE ZEITSCHRIFT Vol. 1-43 
(1900-1942) $234.50 


A.C.S. Monographs—Out of Print—Now in Microcard Form. 
Reading Equipment immediately Available From $155.00 


Call or Write 
THE MICROTEXT PUBLISHING CORP. 


formerly 


TECHNICAL MICROCARD PUB. CORP. 
112 Liberty Street, New York 6, N. Y. — REctor 2-2057 


Biochemistry 


@ Metabolic Maps 
Umbreit $6.00 

@ Metabolism of Steroid Hormones 
Dorfman-Ungar $4.00 


Burgess Publishing Co. 
Minneapolis 15, Minnesota 


The Chemical Business Library 


Chemical Investments 
by John F. Bohmfalk, Jr. 


Case Studies in Commercial Chemical 
Development 
by John E. Ullmann 


A Guide to Sales Quota Seiting 
by John E. Ullmann 
Sales and Business Forecasting in the Chemical 


Process Industries 
by R. S. Aries & W. Copulsky 


400 Madison Ave. New York 17, New York 


$5.00 


5.00 


3.00 


5.00 


The 
Metals 
Handbook 


1332 Large Pages 
1752 Illustrations 
1057 Tables 

803 Articles 
1,620,000 Words 
40,000 copies in use. 


Here is a book without a competitor... a book 25 years in 
the making. The current, 7th edition of the Metals Handbook was com- 
piled and written by 68 committees of the American Society for Metals; 
more than 500 scientists and engineers were hand picked by the Society as the 
top experts, the men best qualified to write the most authoritative possible 
re e on metals. The book they wrote is the Metals Handbook. 
It is divided into 37 principal sections, and contains 803 separate articles and 
data sheets on metals, metal properties, processes, testing, inspection, control 
and research techniques. All metals, all p are includ The soup 
index and rt oy section on how to use the book make it easy for any reader 
to find what he wants. Over 40,000 copies of this edition are now in use b 
metallurgists, chemists, physicists, engineers, teachers, students and res 
workers in every industrial country in the world. Order your copy today by 
returning the coupon below. The price is $15.00. 


American Society for Metals, Room 451 
7313 Euclid Ave., Cleveland 3, Ohio 


Rush me a copy of the Metals Handbook. 


City Zone __State. 


(_] Check or money order for $15.00 enclosed. (_] Bill me. 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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APPARATUS 
EQUIPMENT 


CHEMICALS 


CHEM BUYERS’ GUIDE 


SERVICES 


SEQUEX 


Consecutively-Numbered 
Self-Adhesive 


LABELS 


Ideal for placing an identifying number on each 
item to be used in lecture demonstrations 


FOR 


INDEXING 532 


Fine for Photographic y 
Transparencies YY), 


You will find many uses for these 
convenient labels 
Sample on Request 
1-1000 $4; 
Address Label Dept. 


R. P. CARGILLE LABORATORIES, INC. 
117 Liberty St. New York 6, N. Y. 


1-500 $2.50; 1-5000 $18 


MAGNETIC 81995 
STIRRER 

No Chrome « No Gadgets Strictly Utilitarian 
Alnico Magnet Switch Metal Case 


JAMES INSTRUMENT COMPANY 
P. O. Box 757 Newark 1, N. J. 


GLASS BLOWING 
According to specifications for chemical, medical, 


Industrial RESEARCH LABORATORIES. 


lease ask for our quotation 


LABORATORY GLASS SUPPLY CO. 
610 W. 150th St. New York 31, N. Y. 


The World's 
Most Comprehensive 


SPRAY DRYING 
LABORATORY 


available for tests & product evaluation 


FULLY DESCRIBED IN 20 PAGE 
BOOK...WRITE FOR COPY 


BOWEN ENGINEERING, INC. 


NORTH BRANCH, N. J. 


Recognized Leader in Spray 
Dryer Engineering Since 1926 


NOW OVER 5/00 
CHEMICALS 


3,4-Dihydroxy- 
benzaldehyde 
1,4-Dihydroxybenzene- 
disulfonic Acid 
Dihydroxybenzidine 
3,4-Dihydroxyphenyl- 
glycine 
3,4-Dihydroxyphenylserine 
2,4-Dihydroxypyridine 
2,6-Dihydroxypyridine 
3,5-Dihydroxypyridine 
2,4-Dihydroxythiazole 
Diiodohydroxypropane 
Diiodolecithin 
3,5-Diiodothyronine 
Hydrochloride 
1,2-Dimercaptopropane 
2,3-Dimercaptopropionic 


ci 
@ 3,4-Dimethylbenzoic Acid 


ASK FOR OUR NEW 
COMPLETE CATALOGUE 


17 West 60th St. New York 23, N.Y. 
Plaza 7-817) 


4-Hydroxy. 3-Methoxy 
Cinnamie Acid 
Ferulie Acid 
Tech. and C. P: 
AMERICAN BIO-SYNTHETICS CORP. 
710 W. National Ave. 
Milwaukee 4, Wisconsin 


Chemical Stoneware 
VACUUM FILTER 


With integral 
or separate 


grids 


5 gals. 
to 200 gab. 


MAURICE A. KNIGHT 
209 Kelly Ave. Dept. A Akron 9, Ohio 


Amino Acids 
Enzymes 
Hormones 
Peptides 
Peptide Intermediates 
Labeled 

Amino Acids & Peptides 
Research Biochemicals 


RESEARCH 
LABORATORIES 


136 Liberty St. New York BEekman 3-5863 


* INEXPENSIVE 
* EFFECTIVE 
* PROFITABLE 


That's what they say about 
Chem Ed Buyers’ Guide. 


Acetami alonic ester 
b-Mercaptoethylamine HC! 
Phenazine-1-Carboxylic Acid 
Xenyl Stearic Acid 
EDCAN LABORATORIES 


Box 489, South Norwalk, Conn. 
CHEMICALS 
METALS 


RAR MINERALS 


MANUFACTURERS OF RARE CHEMICALS 
Send for Lists 
A. D. MACKAY, INC. 
198 Broadway, New York 38, N. Y. 


POLARIMETER TUBES 

and ACCESSORIES for 

GENERAL POLARIMETRY 
INVERSION TESTS 
HIGH TEMPERATURE POLARIMETRY 

CONTINUOUS FLOW 

SEMI-MICRO POLARIMETRY 
MICRO POLARIMETRY 

QUARTZ CONTROL PLATES 

Write for new list PT-14 ey 


O.C.RUDOLPH& SONS 


Manufacturers of 
Optical Research & Control Instruments 


P.O. BOX 446, CALDWELL, N. J. 


The 


Chemical 
Arts of 
Old China 


Li Ch’iao-P’ing 


“Indispensable, not only for 
chemists, but also for students 
of civilization, economics, and 
of the arts of Asia, for curators 
of museums, and merchants 
who handle Chinese goods.... 
A truly attractive volume for 
all people of culture.’’—Cien- 
cia e Investigacién, Buenos 
Aires 


(Outside U.S.A. $5.50) $5.00 
Order from 


CHEMICAL EDUCATION 
PUBLICATIONS 


Easton, Pennsylvania 
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Academic Press, Inc.......... 55 

7 

Acme Laboratory 
Co... 

Aleonox, 

Aloe Scientific (Div. of A. 8. 

Amend Drug & Chemical Co., 


Inc 
American ‘Book Co.. 
American Optical Co......... 16 
American Society for Metals.. 85 
Angel & Co., H. Reeve....... 28 
Appleton-Century- -Crofts, Inc. 75 

B 
Bacharach Industrial Instru- 


Barnstead Still & Sterilizer Co. 34 
Beckman Instruments, Ine... . 


Bersworth Chemical Co....... 29 
Benson & Associates, Inc..... 14 
Blakiston Co., The........... 53 
Boekel & Co., Inc., Wm...... 10 
Bowen ngineering, 82 
Brown Co., Wm. C.......... 85 
Buffalo 
Burgess Publishing Co........ 85 
Cc 
Central Scientific Co......... 33 
Chem. Ed. Buyers’ Guide. ... 86 
Chemonomics, Inc........... 85 
Coleman Instruments........ 12 
Coors Porcelain Co........... 36 
Cornell University Press... ... 71 
Corning Glass Works, ....... ST 
Crowell Co., Thomas Y....... 73 
D 
Delta Chemical Works... ... . 36 
E 
Eastman Kodak............. 88 
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Electric Hotpack Co., Inc..... 36 
Elsevier Press, Inc........... 69 
Ertel Engineering Corp....... 34 
F 
Farrand Optical Co., Inc..... 38 
Fisher Scientific Co... ....... OBC 
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75 
Greiner Co., Emil........... 15 
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Hanovia Chemical & Mfg. Co. 20 
Harshaw Scientific Co., Div. of 
the Harshaw Chemical Co.. 42 


Harper & Brothers. . 

Heath & Co., D. C.. | 

18 

Hevi Duty Electric Co....... 14 

Holt & Co., Henry........... 77 

Houghton- Mifflin Co... . 81 
I 

International Equipment Co.. IBC 

Interscience Publishers, Inc... 45 
J 

Johnson Reprint Corp........ 54 
K 

Kern Co., The.............. 36 

Kimble Glass Co.. 

Kinney Mfg. Co............. 13 
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Longmans, Green & Co., Inc.. 47 

M 


McGraw-Hill Book Co., Inc..OFC 
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Microtext Publishing Corp.... 85 
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New York Laboratory Supply 
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Palo Laboratory Inc. 30 
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E. MACHLETT « SON, offers the new Coleman Model 8 Colorimeter. 
| While giving the analyst the certainty and 
| colorimeter cost, the new easy-to-use Mode 


for the finest 
Colorimete 


matched by other colorimeters. 
Check these features: 


Wider Range—Sample volumes 
from 10 ml to .007 ml in 9 sizes 
and types of cuvettes. 


Dual Measuring System — 2 
ways to get either optical density 
Or percent transmittance. For 
speed ... direct galvanometer 
scale readings. For highest pre- 


Ru 


Sargent & Co., 22 & 4 
Saunders Co., W. B.......... 
41 
Schleicher & Schuell Co., Carl. 17 
Southern Scientific Co., Inc... 18 
Standard Scientific ‘Supply 
19 & 83 
T 
Thermal Syndicate, Ltd... ... 16 
Thomas Co., Arthur H....... 3 
Todd Scientific Co........... 9 
Torsion Balance Co.......... 21 
U 


Union Carbide & Carbon Corp. 
Unit of (Linde Air Products 


University Lithoprinters. . . 82 
U. S Stoneware Co......... 25 


Van Nostrand Co., D.....58 & 59 


WwW 
Welch Scientific Co., W. M... 44 
Wiesand Co., W. T.......... 24 
Wiley & Sons, Inc., John. ..4 & 63 
Wilkens-Anderson Co........ 39 
Will Corporation............ 18 
Williams & Wilkins Co..... 


COLORIMETER 


nd versatility un- 


8 offers spee 


cision... null point potenti- 
ometer readings. 


ged Construction — will 
withstand hard usage. 


e@ Direct Reading— of constituent 


concentrations with interchange- 
able scales. 


e@ Low Cost — S23-024-1 Coleman Model 8 Colorimeter, only $182.50 


Write for Bulletin B-214 


& SON | 


220 East 23rd Street + New 10, 
Laboratoy APPARATUS — 
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Kodak reports to laboratories on: 


selecting photographic plates for electron micrography...our ambitions in the organic 
chemical business...an inexpensive new team to take and show 8mm movies 


Electron microscope 


From work we’ve done with step 
wedges in the electron microscope 
emerge some reasonably plain facts 
that may be helpful in selecting pho- 
tographic plates for electron mi- 


crography. The wedges are made by 
successive gold-palladium shadow- 
ings of silver halide crystals with 
increasing obliquities, as pictured 
in the above electron micrograph. 
The archaic-sounding Kodak Lan- 
tern Slide Plates still seem to be 
the best all-around bet for record- 
ing what the ultra-modern electron 
microscope reveals. They’re in- 
expensive, they provide a _ wide 
range of sensitometric characteris- 
tics through choice of developer 
and development time, they’re fine- 
grained, and we stock them in the 
usual sizes for the electron micro- 
scope. There are Kodak Lantern 
Slide Plates, Medium and Kodak 
Lantern Slide Plates, Contrast. We 
used to think that the latter gave 
slightly higher contrast in areas of 
low exposure, but we now must 
confess that whatever the differ- 
ences between them to light expo- 
sure, to electron exposure they’re 
pretty much alike. (The medium 
plate does have slightly finer grain.) 
The step-wedge project does, how- 
ever, reveal some aces up our sleeve 
for the benefit of the electron mi- 
crographer with a special problem, 
viz. : 
Kodak Spectroscopic Plates, Type 
III-O are much faster and have a 
more uniform density gradient over 
the exposure range, but have 
coarser grain than Kodak Lantern 
Slide Plates. 


Kodak Spectroscopic Plates, Type 
1V-O are about three times as fast 
to electron exposure as Kodak 
Lantern Slide Plates and only 
slightly more grainy. 

Kodak Spectroscopic Plates, Type 
V-O have a finer-grained but slower 
emulsion than Kodak Lantern Slide 
Plates. 

Kodalith Ortho Plates, an all-or- 
none proposition we make prin- 
cipally for the photomechanical 
trades, should be resorted to by the 
electron micrographer only when 
in dire need of the highest attain- 
able contrast. 


Your Kodak Industrial Dealer handles 
all these plates. If you'd like a reprint of 
the paper that describes our step-wedge 
investigations, or if you need help in lo- 
cating the right dealer, write Eastman 
Kodak Company, Industrial Photo- 
graphic Sales Division, Rochester 4, 
N. Y. 


Ambition 


Tie a pair of benzene rings together, 
replace one of the end hydrogen 
atoms with a fluorine atom. and 


what have you got? You've got a 
compound known as 4-Fluorobi- 
phenyl, and what the use of it can 
be is a matter that, frankly, does not 
concern us much. Any singularly 
useful properties it may have are 
apparently not well known, for our 
inventory of the compound, pic- 
tured above in its entirety, seems to 


be well balanced to the world’s ° 


present needs. It is a representative 
of our group of fluorinated aro- 
matics—poor relations (so far) of 
the currently booming family of 
fluorinated aliphatics. It isn’t that 
we bet on the wrong horse when we 
began making fluorobenzene and 


This is one of a series of reports on the many products 
and services with which the Eastman Kodak Company and 
its divisions are... serving laboratories everywhere 
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the three fluorotoluenes some 20 
years ago. We don’t figure that 
way. We do figure that here is one 
more group of organic compounds 
that an interested investigator, 
whenever he turns up, can count on 
us to have in stock for him. This 
sounds incredibly public-spirited, 
but it just happens to be the nature 
of our Eastman Organic Chemicals 
business. 

4-Fluorobipheny! (Eastman 6170) is 
just one of many hundreds of such ex- 
amples citable from the list of more than 
3500 compounds in List No. 38 of 
Eastman Organic Chemicals. A copy 
(if you haven't one at hand) is available 
without charge from Distillation Prod- 
ucts Industries, Eastman Organic Chem- 
icals Department, Roch- 
ester 3, N. Y. (Division of ; 
Eastman Kodak Company). 


Brownie team 


You’re either very old or you led 
a particularly austere youth if 
“Brownie Camera” doesn’t recall 
age 12 and your first serious experi- 
ences in photography. The trade- 
mark “Brownie,” one of our most 
treasured assets, is now applied in 
the same old spirit to our simplest 
8mm movie camera and projector. 
They’re not primarily offered as 
scientific instruments, but the fol- 
lowing considerations may suggest 
a visit to the nearest Kodak dealer: 
a) in many kinds of field work there 
are occasions and moments when 
even a very inexpensive movie cam- 
era is worth a great deal; b) the 
Brownie Movie Camera sells for 
only $39.75, the Brownie Movie 
Projector for only $62.50; c) just 
because a piece of equipment has 


potential professional value, it’s no 
sin to have a little fun with it on 
in a while. 
Prices include Federal Tax where 4 


applicable and are subject to 
change without notice. 
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New Sealed Accessories 


FOR CENTRIFUGING INFECTIOUS MATERIALS 


Purpose 


Laboratory administrators interested in the 
health of their laboratory personnel have 
recently become concerned with infectious 
aerosols sometimes encountered during cen- 
trifuging. Infectious materials sealed in cen- 
trifuge tubes or bottles quickly become air- 
borne when they are released by a leak or 
fracture of the container due to high centrif- 
ugal forces. The natural draft created by the 
fan action of the rotating head acts to dis- 
tribute the material through the laboratory. 


Approach 


International Equipment Company engineers 
have adapted standard accessories to permit 
sealing of the centrifuge cup. To insure 
maximum safety, the scientist having com- 
pleted centrifuging removes the sealed contain- 
er to a hood for opening. In those instances 
where a leak or fracture has allowed the ma- 
terial to contaminate the container, immediate 
decontamination steps may be taken. 


Solution 


A series of accessories based upon the Hi- 
speed 250 ml. slotted cup has been designed. 
The standard cup is threaded to take a dome 
cover fitted with an O-ring seal. The cup holds 
one of the standard round or flat bottom 250 
ml. centrifuge bottles. Adapters are available 
for holding: 2-50 ml. centrifuge tubes; 7- 
15 ml. centrifuge tubes; and 10-13 x 100 mm. 
serum tubes. 


Centrifuge | Head |No. Cups| R.P.M. |R.CF. 
Size 1, Model SBV| 277 4 3000 | 2000 
Size 2, Model V...| 277 4 2900 | 1880 
Size 2, Model V_..| 266 6 2300 | 1410 
Model PR-1......./ 284 4 2400 | 1240 


INTERNATIONAL EQUIPMENT CO 


«1284 SOLDIERS FIELD ROAD, BOSTON 35, MASS. — 


989 Adapter 


2734 Cup 
2734 


2734 — Duralumin Cup, 250 ml., with screw 
dome cover and gasket, including 582 rubber 
cushion — $36.00. 


2738 — Wrench, spanner type for tightening 
screw dome on 2734 — $1.75. 


2741 


2741 — Adapter, 2-place, for 50 ml. centrifuge 
tubes, fits 2734 or any standard IEC 250 ml. 
centrifuge cup — $4.50. 


2740 


989 — Adapter, 7-place, for 15 ml. centrifuge 
tubes, fits 2734 or any standard IEC 250 ml. 
centrifuge cup — $18.00. 

2740 — Adapter, 10-place, for 13 x 100 mm. 
serum tubes, will fit 2734 or any standard 
IEC 250 ml. centrifuge cup — $21.50. 

277 — Head, 4-place, steel pin type for 2734 
or 384 cups — $63.00. 

266 — Head, 6-place, steel pin type for 2734 
or 384 cups — $95.00. 

284 — Head, 4-place, steel pin type for 2734 
or 384 cups — $67.00. 


OBTAINABLE NOW FROM YOUR LABORATORY 
SUPPLY DEALER 


PANY 


iii, | 
| : 
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2738 
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Radio- 
active 


Reagents 
for the 


... from 


laboratory 


With the recent announcement of the Atomic 
Energy Commission that “microcurie” quantities of 
long-lived radioisotopes can be transferred without 
special authorization, Fisher Scientific has made 
available 25 organic and inorganic reagent chemicals 
tagged with carbon-14. 

To the laboratory world this means that tracer 
techniques—sensitive, simple—can now be applied to 
many more problems of research, analysis and control. 

Previously these techniques were, of course, limited 
largely to laboratories engaged in research projects 
specific enough to receive authorization for radioiso- 
tope shipment . . . and with budgets able to include 
the relatively high cost of the mi/licurie (1000 micro- 
curie) quantities. 

Fisher Radioactive Reagents, which may be ordered 
from comprehensive Fisher stocks as easily as any 
of the other 6000 Fisher reagent chemicals, can be 
handled with perfect safety. Each reagent has a half- 
life of 5700 years, emits 3.7x104 disintegrations per 
second, and is relatively inexpensive ($15 per micro- 
curie vial). 
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Full information about these newest of lab- 
oratory tools is available from the nearest 
Fisher plant. Request bulletin FS-231-x 
“Fisher Radioactive Reagents.” 
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